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ELECTRONICS SCENE 


SUPERCONDUCTIVITY RACE 
HOTS UP 

ESEARCH into superconductivity is al- 

ready leading to a new generation of 
microwave and infra-red devices, and to 
ultra-sensitive magnetic field sensors... and 
holds considerable promise for major elec- 
trical power applications. 

This is the view of Prof Colin Cough, di- 
rector of Birmingham University’ Superconducti- 
vity Research Group (SRG), whose scientists 
and cngineers have made many major scien- 
tific and technological breakthroughs in the 
field of high temperature superconductors. 


The ultimate challenge is to synthesize 
novel compounds that are superconducting 
atroom temperature. Professor Peter Edwards, 
a chemist at the SRG, in collaboration with 
researchers at Cambridge University and in 
New Zealand, currently holds the world record 
for the superconductor with the highest crit- 
ical temperature yetrecorded: 128 K or—145 °C, 

Inthe photograph, Dr Mark Aindow, a ma- 
terials scientist, is using an atomic force mi- 
croscope (AFM) to look at individual atoms 
on a surface. Both the AFM and the STM 
(scanning tunnelling microscope) are pow- 
erful tools for investigating crystal growth 
and sample perfection of superconducting 
films and single crystals. 

Althoug high temperature superconduc- 
tors look just like lumps of coal, they are 
relatively good metals. At sufficiently low 
temperatures, usually requiring liquid nitro- 
gen, they become perfect conductors with zero 
resistance to current flow and absolutely no 
power loss. Electrical currents can, therefore, 
flow forever around a superconducting ring. 
Birmingham was the first to show that the 
magnetic fields produced by such currents 
were quanti 
quantum nature of superconductivily and 
the pairing of superconducting electrons. 

All the recently discovered high temper- 
ature superconductors are oxides and usu- 
ally involve copper and oxygen atoms ar- 
ranged in two-dimensional sheets with poorly 
ayers between. ght varia- 
tions of the chemical composition of these 
structures, the number of electronics in the 
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be altered. This can turn the material into a 
conventional metal, a superconductor, a semi- 
conductor or a magnetic insulator. 

SRG, School of Physics and Space Research, 
the University of Birmingham, Birmingham 
B15 2TT. 


HE Video Text Inserter( VTD from Quadrant 
Video Systems offers an effective solu- 
tion to the increasing problem of fraud asso- 
ciated with Automatic Teller Machines in 
banks and building societies. With the onus 
under the Banking Charter now on the bank 


or society to prove fraud, the installation of 


a VTI will disprove illegal claims from phan- 
tom withdrawals, stolen cards, the fraudu- 
lent use of the claimant’s own card after 
he/she has reported its loss and the fraudu- 
lent use of a card by another family mem- 
ber. The unit integrates information from each 
transaction—the transaction number, the 
ATM location, the date and time, the num- 
ber of high and low notes dispensed and the 
transaction value—and superimposes this in- 
formation on to a video image of the person 
making the transaction. The resulting com- 
posite image is then stored in a video recorder. 


NO 1003 AT B-12486 
01723791 10°15 
CARD 298765493494497271 


HIGH 02 LOW 02 50.00 


Quadrant Video Systems Ltd, 3A Attenborough 
Lane, Chilwell, Nottingham NG9 5JN. 


BBC RECEIVES FUNDING 
FOR ENHANCED PAL 

HE BBC is receiving partial funding 
from the Department of Trade and Industry 
to support work on the development of en- 
hanced PAL systems, enabling contributions 
to the work of the PAL-Plus group as part of 
Eureka Project 637. The other members of 
the PAL-Plus project include the UK Independent 
Broadcaster, ZDF, ORF, SRG, IRT, Thomson 
Consumer Products, Nokia, Philips and Grundig. 
Eureka 637 was established to cn to- 

ether the research 


ods of enhancing the technical quality of 
terrestrial PAL transmissions. The work aims 


receivers offering 16:9 aspect ratio screens, 
the reduction of PAL defects, such as ‘cross- 
colour’ and ‘cross-luminance’, while giving 
better resojution and ensuring that the trans- 
mitted signal is compatible with existing re- 
ceivers. The main reasons for the collabora- 
tion are to pool R&D resources and to try to 
ensure that onc common system Is devel- 
oped for use throughout Europe. 

BBC engineers have considerable expe- 
rience in work on compatible enhancements 
to the PAL system, which they will bring to 
this important European initiative and will 
make a significant contribution to the sys- 
tem’s development. 

The aim of offering a wider screen pre- 
sentation and of improving the technical 
quality of terrestrial broadcasts complements 
the work being carried out on High Definition 
Television (HDTV) under Eureka Project 
95 to which the BBC is also strongly com- 
mitted. The BBC recognizes that when HDTV 
is available domestically, it will be impor- 
tant for the established networks not to look 
out of place on new receivers. 

While not equalling the technical quality 
offered by HDTV, significant enhancements 
an be developed for those wishing to buy re- 
ceivers designed to take advantage of them, 
while ensuring that terrestrial networks con- 
tinue to radiate a signal compatible with the 
huge base of PAL receivers that currently exist 
in Europe. 

Mick Gleave, BBC White City, 201 Wood 
Lane, London W12 7TS. 


RACE stands for Research and Development 
Advanced Communications technologies in 
Europe. Its aim is to make technology avail- 
able for a Europe-wide digital communica- 
tions network using optical fibres. This net- 
work could carry not only the telephone traf- 


fic carried by today's networks but also broad- 


band signals such as broadcast-quality sound 
and video signals up to HDTV quality. An 
integrated broadband network will only be 
successful if large customers such as broad- 
casters can handle the digital signals in their 
own premises—hence the support for the 
BBC-led project. RACE projects must have 
partners from at least two EC countries and 
are funded by up to 50% by the European 
Commission. 


NO UPTURN YET IN BRITISH 
ELECTRONICS RETAILING 
IGURES from the British Radio & Electronic 
Equipment Manufacturers’ Association 
show that during 1991 the consumer elec- 
tronics markets, which had started to D Bune 


= Re ‘failed to benefit from declin- 
ing interest rates. 
During the fourth quarter of the year, 


conducting CuO (copper oxide) planes can- 
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to enable the use of appropriately designed however, sales of most brown goods saw strong 
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year-on-year growth, mostly at the lower 
end of markets in consequence of price re- 
ductions and ‘package deals’ offered by major 
retailers. 

Historically high levels of stocks were pre- 
sent in the industry at the year’s end, some 
built up in anticipation of a second-half up- 
turn. Over the year as a whole, most prod- 
ucts showed small year-on-year rises in sales 
volume, the strongest growth being shown by 
camcorders which, as they approach 10% pen- 
etration, are fast becoming a mainstay prod- 
uct, followed by NICAM, which featured 
on growing numbers of both televisions and 
VCRs and helped to a large degree to main- 
tain unit values in both markets. 

UK production of televisions continued 
to grow, with over four million sets produced, 
so that the trade surplus in completed tele- 
vision sets reached a record £446 million com- 
pared with £271 million in 1990, Video cas- 
sette recorders and players suffered a down- 
turnin production, exports and imports to post 
a deficit on completed units of £57 million. 

The British Radio & Electronic Equipment 
Manufacturers” Association, Landseer House, 
19 Charing Cross Road, London WC2H OES. 


MICRO-ENGINEERING: 
THE NEW TECHNOLOGY 
HE world has grown used to the silicon 
chip, the tiny heart of so much electronic 
equipment. Now, silicon is being used to 
make equally small mechanical components; 
the possible applications run into hundreds. 


In the photograph, a technician at a new 
miro-engineering centre al Wantage, Oxford- 
shire, examines a wafer during production 
of some silicon sensors. 

The automative and aerospace industries 
are fe already making use of micro-machined 


Lor oto 


but it is thought that this technology will | 
soon spread to consumer goods, instrumen- 
tation, seen and wllalon, printing pene 


Sentiionoce in the chemical. itedieal, Food, 


oil, gas process and many other industrics. 

A wide range of three-dimensional struc- 
tures and mechanisms can now be micro- 
fabricated in silicon on a water scale pro- 
duction basis, using techniques such as thin 
film deposition, diffusion, photolithography 
and isotropic etching. 

Hundreds of identical devices can he made 
ona single 100 mm wafer, which can then 
be processed in batches enabling tens of 
thousands to be fabricated simultaneously 
at low cost. 

The micro-fabrication facility, run by BNF- 
Fulmer, a materials research and development 
company, undertakes design through to low 
and medium production fora variety of British 
and overseas companies and organizations. 

Processes such as magnetron sputtering, 
surface profiling, electron beam evaporation, 
porous silicon formation, thermal evapora- 
tion, and silicon/glass bonding, are carried 
out under strict ‘clean room’ conditions, 

One of the centre’s functions is to act as 
alink between universities—where researchers 
can design devices—and the industries that 
could benefit from using them, by first de- 
veloping production models and then manu- 
facturing batches of them. 

BNF-Fulmer, Wantage Business Park, 
Wantage, Oxfordshire OX 12 9BJ. 


FLEXIBLE PRINTED CIRCUITS 
ONSIDERABLE savings of weight and 
space over old-style wire-looms are pro- 

vided by flexible printed circuits, made to 
order by Yeovil Circuits. The circuits have 
copper or aluminium conductors within an 
insulator material and can withstand constant 
flexing and bending in acritical environment. 
They are produced as single-sided, doubled- 
sided PTH, multi-layer, flexib-rigid from 
polyester, polyimide and special materials 
suchas Bendflex and stainless steel. The com- 
pany offers a choice of support substrates, 
each available in several thicknesses. 


Ns 


NP 3019 


Yeovil Circuits, ] Armoury Road, Lufton 
Trading Estate, Yeovil, England BA22 8RL. 


a) DB le 
battery “powered, fully portable programmer, 
called Orbit, is available from Stag. 

Reser only 850 grammes, Orbit Is capa- 


ROM. 4 NIT 


EEPROMs, FLASH and micros. With an in- 


PORTABLE PROCRAMMER 


~ ence SD63//0 5€ 


tegral emulator allowing direct connection 
lo target systems, Orbit reduces develop- 
ment times by removing the need to pro- 
gram devices until the code has been final- 
ized. Programming speeds, rivalling a lot of 
desk-bound lab programmers, are achieved 
by a combination of advanced engineering 
techniques and the latest fast algorithms. 
Approvals have been obtained from silicon 
vendors such as Intel and Texes Instruments. 


Stag Programmer Ltd, Martinfield, Welwyn 
Garden City, England AL7 IJT. 


DATA TERMINAL FOR 
RADIO-AMATEUR COMPUTERS 
Fe many years, there has been a growing 

interest in data modes on the amateur 
radio bands. During the past few years there 
has been a move away from teleprinters to 
computer-based equipment. Originally, many 
amateurs used the BBC micro, which proved 
very popular in many countries. Now that 
the PC scems to be gaining popularity, MEL- 
MAR Products (J Melyin, G3LT'V) can pro- 
vide a data terminal for use with radio ama- 
teur PCs. There is also suitable software 
available for the terminal. 

Melmar Products, 2 Salters Court, Gosforth, 
Newcastle-upon-Tyne, England NE3 5BH. 


100,000th PAY PHONE 
NEAR CENTRE OF BRITAIN 

T’s 100,000" public payphone was taken 

into use on 29 June. The commemorative 
payphone is situated at Dunsop Bridge near 
Clitheroe in Lancashire. This village is near 
the exact centre of Great Britain and its 401] 
associated islands. 

A unique etched-effect design shows key 
placenames around Great Britain, radiating 
from the BT marque and Dunsop Bridge. 
Inside the kiosk is a plaque giving the pre- 

cise coordinates for the centre of Great Britain: 
about 600 metres west of Whitendale Hanging 
ones Brown Dyke Moss: ~ 
Survey) 
BT, BT Centre, 81 Newgate Street, London 
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IEE & [EEIE PROGRAMME 

19-2] Aug—lIntelligent systems engineer- 
ing. 

24-28 Aug—-European microwave confer- 
ence. 

2-4 Sept—Control: modelling, computa- 
tion, information|, 

6-11 Sept—Personal and mobile radio sys- 
tems. 

7 Sept—Towards new electrotechnology 
materials. 

13-16 Sept—Safety critical systems. 

15-17 Sept—Electrical machines?. 

15-18 Sept—Video, audio and data record- 
ing. 

15-18 Sept—Automation, robotics and com- 
puter vision’. 

21-23 Sept—Training for operation and main- 
tenance in the nuclear industry4. 

21-23 Sept—Microelectronics?. 

22-25 Sept—Antennas & propagation®. 

23-25 Sept-—Data transmission. 

27 Sept-1 Oct—Optical communication’, 

28-30 Sept—Flectric & magnetic fields®. 

27 Sept-2 Oct—Digital signal processing: 
principles, devices and applications. 

28 Sept-2 Oct » Railways signalling and 
train control systems. 

29 Sept—EMC and the European directive 
for radio manutacturers, 


Further information on these, and many other, 
events, except those marked |... may be 
obtained from the IEE, Savoy Place, London 
WC2ROBL, Telephone 071 240 1871, or from 
the IEEIE, Savoy Hill House, Savoy Hill, 
London WC2R OBS, Telephone 07 | 836 3357. 


' Institute of Mathematics & its Applications, 
16 Nelson Street, Southend-on-Sea, Essex 
SS1 IEF Telephone (0702) 354 020. 

? Details from Prof. B J Chalmers, UMIST, 
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P O Box 88, Manchester M60 
Telephone 061 200 4701. 

3 Details from Nanyang Technological Institue, 
School of Electrical and Electronic Engineering, 
Nanyang Ave, Singapore 2263, 

+ Details from the Institution of Nuclear 
Engineers, | Penerley Road, London SE6 2LQ. 
Telephone 08! 698 1500. 

5 Details from Microelectronics 92, IRSEP, 
0051S Warszawa, Zurawia 26/10, Poland. 

6 Details from Prof N Gato, Tokyo Institute 
of Technology, Department of Electrical and 
Electronic Engineering, 0-Okayoma, Meguro-ku, 
Tokyo 152, Japan. 

7 Details from Dr R Evers, Heinrich-Herz 
Institute, Eisteinufer 37, D-1000 Berlin 10, 
Germany. 

8 Details from AIM, rue Saint Gilles 31, 
B-4000, Liege, Belgium. 


QD. 


SCIENCE FESTIVAL 92 


Southampton City and the University of 


Southampton welcome you to take part in 
the Festival of Science: the Annual Meeting 
of the British Association which will take 
place trom 26 to 28 August. 

Whether you're eight or 88. coming sin- 
gle or as a family group, there will be so 
many people to meet, things to do, to see 
and to find out about. 

Major themes this year are OCEANS and 
ENERGY, but there are also many other at- 
tractions for your attention including the 
programmes of the 16 Science Sections: vis- 
its and excursions, opportunities to meet, 
listen to and speak with well-known scien- 
tists, including Sir David Attenborough. 

Details from British Association, Fortress 
House, 23 Savile Row, London WLX 1AB 
Phone 071 494 3326; Fax 071 734 1658. 


Chhotani Building 


ELECTRONICS SCENE 


COIL WINDING EXHIBITION 
The Coil Winding International Exhibition 
will return to the Wembley Conference Centre, 
home to many of the industry’s past events, 
in September this year. 

The exhibition, sponsored by the International 
Coil Winding Association and organized by 
the Evan Steadman Communications Group 
(now part of Reed Exhibition Companies), 
will be held from 29 September to | October 
in Wembley’s new Hall 3. 

Further information from the Evan Steadman 
Communications Group, The Hub, Emson 
Close, Saffron Walden, Essex CB10 1HL, 
Telephone (0799) 26699. 


SIXTH NORTH WALES RADIO & 
ELECTRONICS SHOW 

The Sixth North Wales Radio & Electronics 
Show will be held on 31 Octoberand | November, 
1992, at the Aberconwy Conference Centre, 
Llandudno. The show opens at 10.00 a.m. 
on both days. 

Further information from B. Mee,GW7EXH, 
Anncot, Hylas Lane, Rhuddlan, Clwyd, 
LL18 5AG; Telephone (0745) 591 704. 


Manufacturing Week (incorporating Design 
Engineering and Automation) will be held 
at the NEC, Birmingham from 28 September 
to | October. Details from Reed Exhibitions, 
telephone 081 948 9800. 


The Farnborough Air Show takes place from 
6 to 13 September. Details from the Society 
of British Aerospace Companies, telephone 
071 839 3231. 
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EPROM EMULATOR II 


This is a revamped version of an EPROM emulator we 
published about three years ago. This time we propose to build 
the circuit with standard size components rather than SMA 
(surface mount assembly) components, which some of you 
have found difficult to obtain as well as handle. The present 
version of the emulator has a RAM of 64 KByte, and is capable 
of emulating 2764s up to and including 27512s. Also, by 
parallel connection of Centronics cables, extensions to bus 
widths of 16 bits or 32 bits are easier than before. 


Design by B.C. Zschocke and 
N. Breidohr 


N EPROM emulator replaces the 
EPROM in a computer system (for 
te 1a program is to be dev eloped) by a 
RAM that behaves like an EPROM. The ad- 


EPROM 


vantages are well-known: the contents of the 
RAM can be overwritten as many times as 
you like, and the data transfer from the PC 
(running an assembler) to the target system 
is much faster. Errors in the object program 
are thus easily and quickly corrected, be- 
cause itis no longer necessary to remove the 
EPROM, erase it, and reprogram it. 


MAIN SPECIFICATIONS © 


@ Emulates EPROMs 2764 
through 27512 
@ Connected to Centronics port 
® Auto-reset function 3 
@ 8-, 16- or 32-bit configuration | 
@ No driver software required; 
use is made of existing system 
utilities (MS-DOS, Windows, ST 
and Amiga) 


The data transfer from the PC to the em- 
ulator described here does not require spe- 


cial file formats like Intel-Hex, Tektronics or 
Motorola. Instead, standard system utilities 
can be used to output the previously pre- 
pared binary file via the Centronics port. 


Application range 


The present emulator replaces the byte-or- 
ganized EPROMs with a capacity of 
8 KBytes (2764) to 64 KBytes (27512). The 
now obsolete 2-KByte and 4-KByte EPROMs 
Types 2716 and 2732 may also be emulated 
with the aid of a specially prepared adaptor 
board, Up to four emulators may be con- 
nected in parallel to ‘attack’ systems with a 
bus width of 32 bits. The EPROM data may 
be furnished by any computer system witha 
Centronics port. The STROBE pulses sup- 
plied by the computer have four functions: 
(1) they indicate that the data is stable and 
valid; (2) they enable the emulator; (3) they 
clock three-state counters IC7, ICs and ICy: 
and (4) they select a particular emulator in 
16-bit or 32-bit systems. 

The counter outputs address two RAM 
ICs with a capacity of 32 Kbyte each. The 
data applied to the input of the emulator is 
‘acknowledged’, and copied directly into 
the RAM. The selection of the RAMs is ac- 
complished via A15 of counter IC9, and one 
half of [Ci2. After the last byte has been 
stored in the RAM, the counter is switched 
to high-impedance output mode (‘three- 
state’). The individual RAM addresses are 
then available for selection through the ad- 
dress buffer, and can be read via the data 
output buffer. The addressing of the RAM at 
this stage is accomplished by the host sys- 
tem, i.e., the computer system or (more gen- 
erally) application circuit whose EPROM is 
emulated. 


Circuit description 


Essentially, the circuit consists of three 


blocks: 


(1) A control section around [Cio and ICi1, 
which serves to ensure the proper bus tim- 
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Fig. 1. Block diagram of the EPROM emulator, 


ing on the Centronics interface, and gener- 
ate a number of internal signals. This section 
also supplies the RESET signal for the appli- oe 
cation circuit (Auto-RESET). All signals are 
taken to the ‘outside world’ via open-collec- 
tor buffers/drivers contained in [Ci3. One 
driver serves to generate the strobe signal. 


(2) A byte selection circuit (IC? and one half 
of IC12), which arranges the distribution of 
the received 8-bit data between parallel em- 
ulators in 16-bit and 32-bit applications. This 
circuit is required only if a 16-bit or 32-bit ex- 
tension is envisaged. 


(3) ARAM address and load address gener- 
ator consisting of a counter (ICs and ICs) 


that supplies the RAM addresses during — 
loading, a latch (Ce) for intermediate stor- ; oie ane te 
age of Centronics databytes, and drivers ped petting rea empelicenared i 
(ICs, ICa and ICs) that interface to the Counter IC8/9 


‘Output-Register IC8/9 


EPROM socket in the application circuit. 


socket interface are in control of the EPROM _ Fig. 2. This timing diagram should help you grasp the basic operation of the EPROM emula- 
addresses and data. tor. Note that both the positive and the negative edge of the STROBE signal are used. 
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110 = 74HCT123 


111 = 74HCT?4 
(C12 = 74HCT1I33 


1C13 = 7407 


ACext Cext 
6 


iCext Cext 


Fig. 3. Circuit diagram of the EPROM emulator. 
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EPROM EMULATOR II 


Since 64-Kx8-bit RAMs are not easily ob- 
tained at reasonable prices, the present em- 
ulator is based on two 32-Kx&8-bit RAMs. 
These offer a total storage capacity of 
64 KByte, and allow the emulator to mimic 
EPROMs up to and including the 27512. 
When smaller FPROMs are used, address 
lines A15 (27256), A15/A14 (27128) or 
Al5/A14/A13 (2764) must be tied to 
ground via the appropriate jumpers (see 
Table 1). 


Operation in detail 


The Centronics standard stipulates that data 
must be stable for a certain time before and 
after the STROBE pulse. This ensures free- 
dom of using either the leading or the trail- 
ing edge of the strobe signal to capture data 
from the printer’s Centronics input. In the 
emulator, both edges are used. 

At power-up, R7 and C7 provide a de- 
fined state. Bistables IC1ia and IC1ib are set, 
while bistables [Civa and ICidb are reset. 
ICitb clears all counters, and switches the 
circuit to the emulate mode. With reference 
to the timing diagram of the 8-bit version 
(Fig. 2), the negative edge of the STROBE 
signal triggers [Cl0b, and resets [Clla and 
ICiib. Next, [C1tb switches the circuit to load 
mode, and actuates the RESET line, [Cia ac- 
tuates the Centronics BUSY line, and the 
positive edge at its output causes the 
counter state to be transferred to the counter 
register, and the Centronics databyte to be 
transferred to the latch. Data and address 
are allowed to stabilize at the respective 
RAM inputs while the STROBE pulse lasts. 
The positive edge of the STROBE pulse trig- 
gers [Cida, and actuates the RAM WRITE 
signal and the Centronics ACKNLG (ac- 
knowledge) signal during the monotime of 
IClda. The signal edge that marks the mono- 
time sets ICi1a, and so clears the BUSY sig- 
nal. At the same time, the counter is 
advanced one state. The first byte has been 
stored in RAM, and the circuit is ready to re- 
ceive the next byte. A byte received within 
the monotime of ICiob causes this mono- 
stable to be triggered again. Otherwise, the 
above cycle starts again on detection of the 
negative edge of the STROBE pulse. If no 
databyte is received during the monotime of 
IC ib, the circuit switches to emulate mode, 
clears the RESET signal, switches the coun- 
ters to three-state, and resets them. At this 
point, the RAM addressing is taken over by 
the application circuit. 

To prepare the circuit for use in 16-bit or 
32-bit applications, [C7 and one half of IC12 
divide the internal RAM WRITE and 
counter output signals. Depending on the 
jumper setting, cither the each first, second, 
third or fourth byte is copied into the latch, 
while the counters receive an appropriately 
reduced number of clock pulses. The RAMs 
are switched via their CS (chip select) lines, 
with the aid of address line Al5 and the 
other half of 1C12, 

At first glance, the outputs of ICiub and 
ICiib behave identically. Why, then, are 
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Fig. 4. Track layouts (mirror images) and component mounting plan of the PCB designed for the EPROM emulator. 
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COMPONENTS LIST 


Resistors: 
6 10kQ R1;R2;R4;R5; 
470Q 
 IMQ 
 100kKQ R7;R9;R10; 

R11 

- 7-way 10kQ SIL R13;R14 
Capacitors: 

Pitch 0.2 inch (6 mm): 

1 470uF 16V radial =C1 

2. 330nF C2iG7. 
41 100nF C3;C8-C18 
Ane C5 
Piteh 0.1 inch (2.5 mm): 

41 100UF 16V radial C4 

1 2uF2 16V radial C6 


Semiconductors: 

LED, green, 3mm. D1 

62256 (<100ns) 1G1;1C2 
T4HCT541 1C3;1C4;1IC5 
74HCT574. IC6 
74HC590 IC71C8:IC9 
74HCT123 IC10 
74HCT74 ICH 
74HCT139 IG12 

7407 (74LS07) IC13 

7805 IC14 


1 
2 
3 
| 
3 
1 
1 
1 
4 
4 


| Miscellaneous: 

1. 12-way DIP switch block, 
or 24-way pin header block 
with jumpers S1 
40-way box header K1 
34-way box header K2 
40-way IDC socket 
34-way IDC socket 
IDC Centronics socket 
TQ-220 style heatsink 
Printed circuit board 
ABS enclosure; approx, 
_. gize 160x80x32mm 

IC sockets 
28-way DIL adaptor (see Fig. 5) 
Approx. 50cm 36-way flatcable 
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both used? The timing diagram shows an 
unexpected, rather unwelcome, quirk of the 
monostable, IC1ob. At the (relatively long) 
monotime, the time between the triggering 
instant and the output actuation instant is 
not short enough. This caused problems ina 
number of prototypes. The trigger signal 
supplied by [C10b actuates ICiib instantly, 
while IC 1 1b is de-actuated again by the neg- 
ative edge of IClob. Capacitor Cs may also 
cause trouble if it can not be discharged 
quickly enough by [C10. Increasing its value 
must, therefore, be done with care. 

LED Di lights when the computer feeds 
data into the emulator. The {active low) 
RESET signal is taken to the application cir- 
cuit via connector K2. On completion of the 
load activity, the emulator releases the 
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16-bit 


32-bit 


; Byte-# | | 


Power external 
Power from EPROM socket 


+5V on Centronics input 


BUSY on Centronics input 


(Switch = OFF when not otherwise noted) 


EPROM type 


Jumper A13 


Jumper A14 Jumper A15 


| 2764 (8 KByte) 

27128 (16 KByte) 
27256 (32 KByte) 
27512 (64 KByte) 


off 


off 
off 


on on 


Table 1. Jumper settings for emulator bus width and EPROM type. 


RESET line, and so re-starts the application 
circuit, which subsequently runs its new 
software contained in the emulator RAM. 
The emulator is powered either by the 
application circuit (via S1-10), or by the on- 
board stabilizer (via S1-9), whose input is 
connected to a small mains adaptor with d.c. 
output. Whether or not an external power 
supply is required is, of course, dependent 
on the capacity of the target system's power 
supply. A power supply conflict may arise 
when the emulator is powered by the appli- 
cation circuit, and this is switched off, or 
powered down during reset, while the 


—— 


‘other side’ of the emulator is connected to 
the PC (which is still on) via a Centronics 
cable. If this happens, the emulator is pow- 
ered via the protection diodes in_ the 
Centronics interface of the PC. This results 
in a supply voltage of about 3 V, which is 
sufficient for the RAMs to retain their data, 
but not for the TTL circuits to operate prop- 
erly. If, in this condition, the application cir- 
cuit is switched on, the emulator may go 
into an undefined state, which may be 
ended by pressing a button connected be- 
tween point ‘S’ and ground. A better solu- 
tion, however, is to power the emulator 


Fig. 5. Illustrating the construction of the home-made EPROM adaptor. 
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Fig. 6. Completed printed circuit board. 


from an external source via ICi4, The previ- 
ously described power supply conflict may 
also damage the emulator, because the cur- 
rent sent into the application circuit via the 
EPROM socket may become so high that the 
driver ICs are destroyed. 


Practical hardware 


The printed circuit board designed for the 
EPROM emulator is a high-density double- 
sided, through-plated type, which is best 
purchased ready-made through — our 
Readers’ Services. Space is pretty tight on 
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the board, so keep an eye on the pitch of the 
capacitors. Capacitor C11 is fitted at the sol- 
der side of the board, underneath IC]. 

Pin header K1 is suitable for two types of 
connection: its pinning is compatible with a 
25-way sub-I) connector (allowing ready 
use of IDC-style connectors), as well as with 
a 36-way Centronics socket. When the latter 
is used, make sure to remove pins 4 and 6, or 
cut the relevant tracks. When a 25-way sub- 
D connector is used, it is, unfortunately, not 
possible to create a ‘loop-through’ connec- 
tion for the supply voltage. To reduce cost, a 
40-way IDC socket was used on the proto- 


DOWNLOADING TO THE EPROM EMULATOR 


PC/MS-DOS 
Amiga 
TOS 


COPY <filename> LPT1:/B 


COPY <filename> PAR: 


(/B for binary output) 


(PAR:, not PRT:) 


On the ST it is sufficient to double-click on the filename 


shown on the desktop, and.then output to ‘printer’. It 
should be noted, however, that the TOS appends a 
CR/LF sequence to each file. This means that the last 
two bytes of a 32-Kbyte file can not be used. However 

a simple printer manager that does not output the CR/LF 
sequence should not be too difficult to write in Pascal, 


C or BASIC. 


type — a 26-way type (for connection to a 
sub-D plug) is, of course, also possible. 

The 16-bit and 32-bit versions of the 
EPROM emulator require two or four com- 
plete circuits, respectively, which are driven 
by a common line, for instance, via four 
IDC-style Centronics plugs. The jumper set- 
tings on each board may be found in Table 1. 
The emulators are mutually synchronized 
via the ACK line on the Centronics interface. 
The BUSY line may be connected on one 
board only (S1-12). In case the emulators are 
to be powered by a single, external, supply, 
this is connected to one board only, from 
where the supply voltage is distributed via 
pin S1-11 on each board. On the board from 
which the supply voltage is distributed, S1- 
9 must be closed. On all other boards, 51-9 is 
open. S1-10 must be closed on all boards. 


Software 


As already mentioned, special software is 
not strictly required. The emulator RAM can 
be loaded with the aid of any system utility 
capable of outputting binary files in binary 
form, via the Centronics port. This means 
that the EPROM emulator can be used with 
any computer sporting a Centronics-com- 
patible printer port. 
Users of MS-DOS PCs may want to obtain 
version 2.0 of EPROMSIM, a program which 
is available on disk through our Readers 
Services as item ESS129. EPROMSIM sup- 
ports EPROMs up to 64 KByte, and is capa- 
ble of handling the following ‘intelligent’ 
file formats: 

@ Intel Intellec-8; 

@ Tektronix hexadecimal; 

® Motorola. 


Construction 


When building the circuit, remember to re- 
move pins 4 and 6 of the Centronics socket, 
if used. To ensure ready access, the DIP 
switch array is best mounted on IC sockets. 
Alternatively, you may want to fit the 
switches at the solder side of the board, and 
cut a clearance in the back panel of the en- 
closure. The LED wires may be extended to 
enable the LED to be fitted in a hole in the 
cover panel. Further constructional points 
that deserve your attention are the mount- 
ing of the Centronics input socket, and the 
strain relief on the flatcable to the EPROM 
adaptor. 

The EPROM adaptor is home-made. As 
shown in Fig. 5, it consists of a piece of strip- 
board, two lengths of IC pin strip, a box 
header and two 28-way IC sockets. The flat- 
cable from the EPROM emulator is fitted 
with a 28-way IDC socket. You may want to 
make one adaptor for each EPROM type, 
and wire jumpers A13, Ald and A15 appro- 
priately, direct on the socket. Wires 29 to 34 
of the flatcable are connected to the RESET 
generator on the emulator board, and may 
also be taken to the adaptor socket to create 


a RESET connection for the application cir- 
Toe [=> 
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A.F. DIGITAL-TO-ANALOGUE CONVERTER 


EFORE the construction is discussed, it 
was thought useful and interesting to 
have a look at the test results from our two 
prototypes. Note that both of them were K 
versions using Type 5534A opamps in the out- 
put filter and buffer section. The measure- 


PART 2 


Design by T. Giesberts 


ments were carried out with an Audio Precision 
System One analyser (with FFT option), while 
the signals were obtained from a number of 
special measurement-CDs (CD-1 from CBS; 
Test Sample 3 and Audio Signals Disc 1 from 
Philips; and Digital Test from Pierre Verany). 


For clarity’s sake, all figures illustrating the 
measurement results pertain to one channel 
(the results of the other channel were, for all 
practical purposes, identical). 

The -0.1 dB figure at 20 Hz (see Fig. 8) re- 
sults from the effect of the servo control, 
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Fig. 10. Linearity deviation for signals to —100 dB. 
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Fig. 12. The measured de-emphasis characteristics. 
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Fig. 11. Cross-talk over the audio range. 
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Fig. 13. Spectrum analysis of residual signals up to 80 kHz. 
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which acts as a high-pass filter. The 0.25 dB 
fall-off at 20 kHz is ensured by the analogue 
output filter. It would have been possible to 
straighten the curve here, but that would 
have meant a higher cut-off frequency and, 
consequently, worse suppression of the sam- 
pling frequency and worse phase behaviour 
in the pass-band (since a Cauer or Chebishev 
filter would then have to be used). The char- 
acteristic in Fig. 8 is virtually a Butterworth 
curve with a near-constant time delay in the 
pass-band up to 20 kHz. 

The harmonic distortion (THD+noise) char- 
acteristic is shown in Fig. 9. At frequencies 


below 1 kHz, the distortion is identical to 
that specified by Burr-Brown for their K ver- 
sions: -96 dB. Above 1 kHz, the distortion 
increases very slightly, owing to the effect of 
the number of samples per period and because 
frequencies above 20 kHz are suppressed (a 
sharp cut-off filter as, for instance, recom- 
mended by Philips for measurements above 
20 kHz was not used). 

The linearity deviation—see Fig. 10—was 
measured down to —100 dB (from —70 dB to 
—100 dB with dithering). 

The cross-talk characteristic in Fig. 11 shows 
that the channel separation is excellent: —105dB 


Fig. 14. The printed-circuit board for the power supply section. 


at 20 kHz and —135 dB at 100 Hz indicate 
that the curve is virtually the same as the 
noise characteristic of the converter. 

The de-emphasis characteristic in Fig. 12 
does not show its accuracy with respect to 
the theoretical curve, but the deviation be- 
tween the two was measured at <0.15 dB 
over the 20 Hz to 20 kHz frequency range. 

Figure 13 shows the spectrum analysis 
over the frequency range up to 80 kHz. The 
10 kHz testsignal was effectively suppressed 
by a band filter, so that the residual products 
are clearly indicated. Note the 2"4 and 4th har- 
monics of the test signal and the mixing prod- 
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uct (78.2 kHz) of the test signal and twice 
the CD sampling frequency (2x44.1 kHz), since 
the analogue filter does not have an infinite 
roll-off. 


Construction 


It is advisable to read carefully through this 
section before buying any components, be- 
cause the design contains some fairly ex- 
pensive ICs. As far as the YM3623B and 
DF1700P are concerned, there is not much 
choice, because these devices are made in only 
one version. The PCM63P, however, is avail- 
able in three grades: that without suffix is 
the cheapest, the PCM63p-] is next and the 
PCM63P-K is the dearest. Depending on the 
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market area, the difference between the first 
and the -K version can be £10-£15. The dif- 
ference between these versions lies in the ac- 
curacy (thatis, without calibration). At] kHz 
and full drive, the -K version hasa THD +noise 
figure of —96 dB; the -J version, —-92 dB; and 
the cheapest version, —88 dB. 

Type OP27 opamps are specified for the 
ICjg and ICjg positions because of their off- 
set voltage and low noise. Faster opamps are 
not recommended in the servo control. 

The AD844, used in the IC, and ICy4 po- 
sitions, has properties that make it particu- 
larly suitable for use in D-A converters: good 
bandwidth (60 MHz at unity gain); high slew 
rate (2000 V/s) and short settling time (100ns 
toreachanaccuracy of 0.1%), Moreover, itcan 
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Fig. 15. Printed-circuit mother board, shown here at 80% of true size. 
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drive low-impedance loads (50 mA into 
50 Q) and is reasonably priced. 

There is a good choice as far as the re- 
maining opamps are concerned, According 
to our measurements, the most suitable are 
the NE5534A, the LT1115, the TLE2027 and 
the OPA627. Although the OPA627 is much 
faster than the ‘ordinary’ 5534 and, moreover, 
has FET inputs, we found, in our measure- 
ments, that there is very little difference be- 
tween the two. However, in listening tests, a 
number of people preferred the OPA627 in the 
output section (the opamp in the filter has less 
influence on the sound quality). Bear in mind 
that we are talking here of very small differ- 
ences that become audible only on first class 
audio installations. 
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eis. C21, CBs 10 WF, 25¥ 


Di, D2 = 1N4001 
BI, B2 = B80C 1500. 
IC1 = 7805 
1C2 = 7905 

1C3, 104 = 7815 
ait Is = 7O15 


ipistancoie: 

Mains transformer, 2x9 V, 830 mA 

Mains transformer, 2x15. V, 500 mA 

Heat sinks for IC1, IC3-IC6 

PCB Type 920063-1 (see Readers” services) 


Mother hoard 
Resistors: 
Rl =750,1% 

R2= 1002 

R3 = 10kQ 

R4 24:70 

R5 = 18kQ 

R6= 2702 

R7, R25, R44= 1 MQ 

RS, R14= 2,22 

RO-R13 =470Q 


G2, €3,C19, C52; C79 = 


(C23,C25, C56,'C58 = 
C24, C26,°C57, C59 = 100 nF, cétamic 


RiS=22MQ 


R16, RIT, R18; R35, R36; R37 =47 Q 


R19, R20, R38, R39 =.330 kO 


“R21, R40 +1 QO 


R22, R41 = 1S-kO, 1% 

R23, R42 = 1.07. kQ, 1% 

R24, R43 = 475 QO, 1% 

R26, R45 = 2.49 kQ, 1% 

R27, R46 = 931 Q. 1% 

R28; R29, R47, R48.= 2.43 kQ. 1% 

R30. R49 = 2.74 kQ, 1% 

R31, R50 = 49.9 Q, 1% 

R32, R33, R51, R52 = 6.81 kQ, 1% 

R34,R53.= 4.99 kQ, 1% 

R54=10Q 

R55 = 47 kQ 

P1—P4 = 100 kQ multi-turn preset, vertical 
mounting (e.g., Bourns Type 3296Y) 

PS, P6 = 47 kQ multi-turn preset. vertical 
mounting (e.g., Bourns Type 3296Y) 


Capacitors: 

Cl 10 nF, ceramic 

100 nF 

C4 = 8.2 nF 

C5, Co. = 10 pF 

C7; C10, C20, C53 = 4.7 uF, 10 V, radial 

C8,,CH, C28, C30, C38,C39,:C41, C43; 
C61, C63; C71; C72, C74, C76, C81-C84 = 
47 nF, ceramic 

C9= 15 nF 

C12-= 100:pF 

C13; C14, C15, C46, C47, C48 = 47 pF* 

C16, C17, C18, C49, C50, C51 = 100 nF* 

C21, C22,C56,:C58 = 10 uF, 10.V, radial 

10 uk, 10 -V, radial 


€27,C29, C40, C42, C62, C62, C73, C75 = 
47 pF, 25 V, radial 

C31, C64:= 33 nF, polystyrene, 1% 

€32, C34, C36, C65, C67, C69 = 1.5 nF, 
polystyrene, 1% 

C33; C35, C37, C66, C68, C70 = 22 pF, 


polystyrene (see text) 

C44, C45, C77, C78 = 2.2 UF, 160 V, MKP (= 
polypropylene) 

C80 = 220 pF, 6.3 V 


Semiconductors: 

D1J-D5 = 3. mm LED, high efficiency 

D6, DS, D10, D12 = 1N4148 

D7, D13 = BAT85 

D9; DH = zener, 3 V, 400 mW 

Ti = BC546B 

7T2-T5 = BS170 

T6 = BC5S17 

IC1 = 74HCU04 

1C2-= ¥YM3623B (Yamaha) 

1C3 = 74HC239 

C4 = DF1700P (Burr Brown) 

1C5, 1C]3 = PCM63P (Burr Brown) 

IC6, 1C 14. = AD844AN (Analog Devices) 
IC7, 1C8, 1C9, IC15, 1C16, 1C17 = NESS34A 
IC10,; 1C18 = OP27 

IC1i, 1C19 = 7805 

IC12, 1C20 = 7905 


Miscellaneous: 

JP} = 3-way header with jump link 

Kl = audio socket for PCB mounting (gold- 
plated contacts preferred) 

2 audio sockets with gold-plated contacts) for 
analogue outputs 

Rel-Re4'= 12 V miniature relay 

Xl.= crystal, 16 MHz 

PCB Type 920063-2 (see Readers’ Services) 


* Surface mount type 
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When choosing opamps, pay particular at- 
tention to the stability in the analogue section. 
If the chosen type is not stable at unity gain 
{in our tests, that was only true of the 5534), 
each IC must be provided with a compensat- 
ing capacitor: in case of the 5534, a 22 pF 
polystyrene type between pins 5 and 8. There 
is provision for these on the PCB and they 
are shown in the circuit diagram (Fig. 5). 
Details of these capacitors, and where to 
place them, can be found in the data sheets 
of opamps not mentioned here. 

Commence the construction with the power 
supply board—see Fig. 14. The only thin g that 
needs to be noted here is that all regulators, 
except ICy, must be fitted on a heat sink. 

The mother board——sce Fig. 15— requires 
rather more work. It has been designed to 
ensure good separation of the analogue sec- 
tions of the two channels. The top of the 
board contains an earth plane for all ana- 
logue components: this plane (for each chan- 
nel) isconnected to analogue earth in only one 
place. 

Remember that capacitors C43, C45, Caz, 
Coo, Cog and Cry are only required if Type 5534 
opamps are used, 

Insome case, surface-mount design (SMD) 
capacitors are specified, because these types 
can be soldered (as they should be) very close 
to the associated IC pins. 

Ifa distortion meter is not available, omit 
P)-Py, Roy, Ray and Ray, because the MSBs of 
the converters then cannot be calibrated. 
Note that fitting these components and set- 
ting the potmeters to the centre of their travel 
may result in a worse performance than if 
the components had been omitted. 

Presets Ps and P, are optional and only 
required if it is felt that the output levels of 
the two channels should be absolutely equal. 
Even when these components are omitted, the 
outputlevels of the channels are within 0.25 dB 
of each other, although they may not be ex- 
actly, as preferred, 2.0 V r.m.s. The potmeters 
can, of course, set the level to exactly 2.0 V 
{if so, a 1 kHz, 0 dB, digital test signal must 
be used, nof a digitized analogue signal: this 
is normally indicated on the test CD). Note 

that 23.7 kQ resistors instead of the potmeters 
will keep the output level very close to 2.0 V. 

The crystal should be insulated at its un- 
derside before it is mounted on the board. 

Circuits IC;-ICy may be fitted in an IC 
holder, but IC5 and ICj3 must be soldered ai- 
rectly to the board. This is not only to prevent 
bad contacts, but also because it ensures that 
these devices are as close to the earth plane 
as possible. In our opinion, it is best to sol- 
der all directly to the board; whence our ad- 
vice at the beginning of this section. If you 
must (for experimental purposes), only 
ICz-ICy and IC)5-IC)7 should be fitted in 
IC sockets, but these should be of prime qual- 
ity (with gold-plated contacts). Note, how- 
ever, that even such sockets show rapidly 
deteriorating contacts when the ICs are re- 
placed frequently. 

Before connecting the power supply board 
to the mother board, connect it to the mains 
and check that all voltage levels are as spec- 


ified +4+they-are-comrectthetyo boards -- 
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together via not too long wires. Place jump 
lead JP; as far as possible from connection 
A. Solder some audio sockets to the digital 
input (between connection B and earth) and 
the analogue outputs. The input can then 
be connected via a coaxial cable to the dig- 
ital output of, say, a CD player and the out- 
puts, via a stereo cable, to the line inputs of 
an amplifier (or pre-amplificr). 


When the mains is switched on, all should 
be well. 

[f you wish to use the converter in this 
form and feel that you will not need a dig- 
ital selector, optical inputs and outputs, 
and a digital tape output (which will be de- 
scribed in our next issue), you can install it 
inasuitable enclosure now. Otherwise, wait 
and see the next and final instalment. &@ 


« x8 oversampling 
¢ 20-bit D-A converters 


Technical Data 


¢ Suitable for sampling frequencies of 32-48 kHz 


¢ Integral de-emphasis circuit 
¢ No capacitors:in signal paths 
¢ Servo control of d.c. setting in audio section 
¢  Pseudo-passive GIC filter for suppressing sampling frequency 
¢ Separate power supplies for analogue and digital sections 
Dynamic range >100 dB 
Nominal input voltage, 500 mV into 75 Q 

(digital input) 
Nominal output voltage 2V rnm.s. 
Output impedance 50:2 
Frequency range 20 Hz-20 kHz (+0 ai +0. 25 dB) 
Signal-to-noise ratio >115 dB 
THD+noise (0 dB; 1 kHz) <0,002% 
Intermodulation distortion <0,003% 

(60 Hz; 7: kHz; 0 dB) 
Linearity deviation <1 dB 

(signal levels to -100 dB) 
Channel equalization Within 0. 1 a5 

<0. 15 dB 


Deemphasis deviation 
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PART 6: ANALOGUE SIGNAL PROCESSING AND STACK 


The first subject in this month's instalment 
is processing analogue signals with the aid 
of our extension board. Next, we have a 
short discourse on stack management, 
which is quite important when it comes to 
dealing with subroutines. The two subjects 
form a basis for the next theme: interrupt 
processing, which is also introduced tn this 
instalment. As usual, the programs dis- 
cussed are contained on the course diskette, 
and can be tested straight away using the 
80C32 single-board computer and its ex- 
tension board (see part 3). 


D-A conversion 


Many microcontroller applications are 
geared to processing and generating ana- 
logue signals. The SBC extension board 
contains a D-A (digital-to-analogue) con- 
verter which is ideal for developing such 
applications. This course instalment aims 
at showing you how this D-A converter can 
be used, in conjunction with the compara- 
tors on the extension board, to measure 
analogue values. 


Conversion principle 


One way of converting an analogue voltage 
into a corresponding digital value is based 
on the ‘ramp’ principle, which is illustrated 
in Fig. 28. A ramp-shaped voltage is output 
via a D-A converter, and increased until a 
comparator output signals that the instanta- 
neous value of the ramp is greater than the 
input voltage. The previous DAC output 
value is then taken to equal the input volt- 
age. The ramp voltage is simply generated 
by increasing a register value from 0, and 
sending this value toa DAC. An example 
of a program that does so is XAM- 
PLE14.A51 on your course diskette. Since 
that is a relatively simple program, it will 
not be discussed here. 

The main disadvantage of the ramp 
DAC principle is that it is relatively slow. 
In the worst case, at a resolution of § bits, 
the ramp value must be increased (and 
compared to the input voltage) no fewer 
than 255 times. Similarly, at a resolution of 
12 bits, a maximum of 4,096 steps is re- 
quired, Furthermore, each step should 
allow for the settling times of the DAC and 
the comparators. All in all, the ramp princi- 
ple is too slow for many applications. 

A faster DAC principle, which ts also 
used in many DAC ICs, is called succes- 
sive approximation. As shown below, it is 


MANAGEMENT 


By Dr. M. Ohsmann 


relatively simple to implement in software. 

During the successive approximation, 
the bits of the value to be converted are de- 
termined one by one. This means that eight 
steps are required to achieve 8-bit resolu- 
tion. A register is used to determine which 
bit is “measured”. The individual bits of the 
analogue value that are already known are 
also contained in a register. The principle 
of operation and a corresponding software 
flow chart are given in Figs. 29 and 30, re- 
spectively. Initially, the approximation 
value is set to 0, and the register that stores 
the shift bit is set to 1000 0000;. The ap- 
proximation starts with bit 7. A conversion 
cycle consists of the following steps: first, a 
new DAC output value is determined. This 
value is the sum (here: logic OR) of the 
shift bit and the approximation bit set up so 
far. This value is output to the DAC, and 
compared to the input value with the aid of 
the comparator. If the input voltage is 
greater than the DAC voltage, the new ap- 
proximation value equals the previously 
sent comparator value. This approximation 
value has a ‘I’ at the position of the shift 


conversion 


S10109-6 +11 


Fig. 28. Ramp A-D conversion principle. 


bit. If the input voltage is smaller than the 
DAC voltage, the old approximation value 
is retained, which means that it has a ‘0’ at 
the position of the shift bit. The above se- 
quence determines the new bit in the ap- 
proximation value. Next, the shift bit 


DA converter value 
(shift bit underlined) 


10000000 
01000000 


01100000 
01010000 
01011000 
01010100 


| 
lee end of AD 
conversion 


U;,, =86 mV ; calibration: 255 = 255 mV 
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Fig. 29. Successive approximation D-A conversion principle. 
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DACNV 


approximation 
value: =O 
shift bit:= 
10000000B 


send shilt bit + 
approximation value 
to DA converter 


JOIN THE COURSE! 


What you néed to follow this course: 


@ an 8032/8052AH-BASIC single 
board computer as described in 
Elektor Electronics May 1991. 
The preferred CPU is a 8051 or 
80C32. Alternatively, any other 
MCS52-based microcontroller 
system (but read part 1 of the 
course); 

a course diskette (IBM: order 
Fig. 30. Flow diagram of XAMPLE15, the successive approximation D-A converter. code ESS 1661; Atari: order 
code ESS 1681) containing 
programming examples, hex file 
conversion utilities, and an 
assembler; : 

a monitor EPROM (order code 

ESS 6091); 

an IBM PC or compatible 

operating under MS-DOS, or an 

Atari ST with a monochrome 

display. 


Increase approximation 
value and shift bit 
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wavewe LISTING of EASMSL (XAMPLE1S) ****** 
LINE LOC OBJ ety SCURCE 
1 6oo0 p *AeeRH BILE KAMPLEL5S AS] POPS R RHE RRR RTA RAR AAR 
ooo0 ? 
3 0000 P1 EQU O90H 
bobo Fs 
bobo 3 4100H 3 start address of program 
R32, #00000001B 1 
» DACNV ; 4 rter 
BYTE Z od byte and null character 
BLANK 
R3,#0C0C0010B ; channel 
DACNY 
BYTE 
BLANK 
R3,#0C0C01L00B 7; channel 3 
DACNY 


NH 


Appeared so far: 

Part 1: Introduction (February 1992) 

Part 2: First 8051 instructions (March 
1992) 

Part 3: Hardware extensions for 


; line feed 


NN HNM NN RA 


j infinite loop 


DACNY 


; : : 80C32 SBC (April 1992) 
1 A,#080H =; SHIFT-3IT Part 4: Flags, bit addressing, PSW, 
2 SARLP2 + jump into ioap fi * 
SARLPO MCV 9 A,RT ; get SHIFT-BIT conditional jumps, logic 
A : shift right, fill with 0s operators (June 1992) 
SARLP2 ; continue when SHIFT-BIT<>@ Part 5: Arithmetic instructions (July 
2 A, RG 7 get result in A 
1 Pi;1 7 show end of < version on scope 1992) 
t RI,A + save SHIFT-BIT in R? 
1 A, RE i add to apprsximation value 
2 DPTR, #OCOG0H 7 BSS ° 
{2 @DETR,A ; send to DA converter aye : gs 4 
1 MOV Rd, > mark sum for later position is shifted to the right, and the next 
La MOV R2,4100 7 settling time vt ae Pic ; Sine ati 3 
2] DINZ R2,SARWT 9; wait conversion cycle is run, until all bits are de- 
a ; select uecired KONE. termined. In short, the bit to be determined 
- eae is provisionally set, and compared to the 
L R 7 approximation value: sum input voltage. If this causes the approxima- 
g 
Z SUMP SARLPC . * 4 n 
: tion value to become too high, the bit ts 
* Monitor interface 4g ~ P ae , bin, mis 
COMMAND BQU  030H reset. If the approximation value is still too 
a a low, the bit is left set. 
ecBYTE EQU 003H 
75 [2] BYTE MOY COMMAND, #ccBYTE An A-D converter 
02 [2] LJMP MON 
74 2 (1) BLANK MoV me? * 
C75 [2] CHR MOV COMMAND, #ecCHR program 
3 o2 6 [2] Lair MON 
Jeg \yteeee WOMBUTIOKAL LTS epeboLay Kevatanee The program we are about to describe 
START :4]90 DACNY 34120 SARLPO ;4128 ‘Fic : > of my 
Seok alas, Facets agen ae aan (Fig. 31) outputs the values of three input 


SCBYTE 20003 BYTE :4244 BLANK :414A 


CHR :414¢ 


Fig. 31. Listing of XAMPLE15.A51. 


ELEKTOR ELECTRONICS SEPTEMBER 1992 


voltages in hexadecimal notation. D-to-A 
conversion on all three channels is made 
possible by a subroutine called DACNV, 
which reads the bit position of the relevant 
comparator output from register R3. 
DACNY returns the converted value in the 
accumulator. The main program begins at 
label START, and is relatively simple. The 
bit corresponding to the channel number (1 
of 3) is set in register R3. Next, The con- 
version proper, DACNY, is called. A sub- 
routine called BYTE arranges for the value 
supplied by DACNY to be output (in hexa- 
decimal form) via the V24 interface. After 
all three values have been sent to the termi- 
nal, the program adds a carriage return/line 
feed (CR/LF) sequence, and a new conver- 
sion cycle is started. 

The D-A conversion is a bit more com- 
plex. The approximation value is stored in 
register R6. The shift bit is contained in 
register R7, and also, occasionally, in the 
accumulator. The sum of the shift bit and 
the approximation value is stored in regis- 
ter R4. The conversion proper starts at label 
SARLP2, where the accumulator contains 
the shift bit, and R6 the old approximation 
value. First, the shift bit is saved in register 
R7 (line 34). The sum of R6 and the accu- 
mulator is formed in line 35, and subse- 
quently sent to the D-A converter. This 
comparison value is contained in R4. A 
wait loop, SRWT, is inserted to allow for 
the settling time of the DAC. The compara- 
tor output states are copied into the accu- 
mulator in line 41. Comparator output 
selection is achieved by masking the accu- 
mulator contents with the bit in R3 
(line 42). Depending on whether the se- 
lected comparator output supplies a ‘17 ora 
0’, the corresponding new approximation 
value is formed in R6. The jump to label 
SARLPO prepares for the next conversion 
step. The shift bit is loaded into the accu- 
mulator, and shifted to the right (lines 28 
and 29). If the result is an accumulator con- 
tent of 0, the conversion is finished. [f not, 
the program continues at label SARLP2. 

To enable us to trace the conversion 
steps with the aid of an oscilloscope (or by 
listening to the loudspeaker), port bit P1.1 
is set during the conversion time. Figure 32 
shows the signal reproduced by a digital 
storage oscilloscope. On completion of the 
D-A conversion, the value in RT6 is copied 
into the accumulator. 

The advantages of the successive ap- 
proximation principle are evident: only 
eight loop iterations are required. A fast 
DAC, and equally fast comparators, enable 
an 8051 to achieve 8-bit conversion times 
of 250 Us fairly easily. The corresponding 
sampling rate, 4,000 samples s-!, is rela- 
tively high. 

This program, like others discussed dur- 
ing this course, demonstrates the useful- 
ness of subroutines. To understand how 
these are managed, il 1s necessary lo have a 
look at the so-called stack, which is used by 
the 8051 to store certain data that serves to 
keep track of subroutine return addresses. 
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11-Nov-91 
14:18:36 


Ponel 
STATUS 
Memory 


Save 
PANEL 
Recall 


Auxiliary 


Persistence 
mode 


Return 


me 2 
sisal te Se 


5 V = 
CH2 20mV ~ 


T/div 2@ms 


EXT -0.95V 
ah Le 


Fig. 32. A-to-D conversion waveform measured with an oscilloscope. Note the signal settling 


times. 
Stacking it up 


The stack pointer, SP (at SFR address 
O81H), points at an address in the stack 
range where the return addresses of subrou- 
tines and interrupt routines are stored. The 
stack pointer Is contained in internal RAM, 
and is increased by one whenever a subrou- 
ine is called. Next, the first byte of the re- 
turn address is written to the address 
pointed at by the SP. Next, the SP ts in- 
creased by one, and the next address byte is 
stored. This litthe demonstration program 


LINE LOC OBJ F 

43 4118 124123 [2] 
44 411B 00 (1] 
47 4123 4A BC [2] 
48 Al 00 [1] 
50 4ABC 850844 [2] 


results in the following stack values: 


07H 

08 09 OA OB OC OD 
FF FF FF FF FF FF 
(preloaded) 

1B 41 2641 FF FF 
(2 addresses on 
stack) 

OBH 


SP before line 43: 
Internal RAM address: 
Contents betore line 43: 


Contents after line 50: 


SP after line 50: 


After a reset , the stack pointer contains the 
value ‘7° (refer back to Figs. 5 and 8), so 
that the stack begins at address °8" in the in- 
ternal RAM, and grows upwards. This 
means that the stack overwrites register 
bank 1, and, possibly, other banks also. 
Register bank 1 is therefore not available 
for general programming, unless the SP is 


loaded with a new value right at the start of 


the program. When a program contains 
‘nested’ subroutines, each of these requires 
two bytes of the available stack memory 
(which ts contained in internal RAM). 

The situation becomes even more com- 
plex when interrupts are programmed. 
Here, too, each return address calls for two 
bytes of storage capacity, Additional mem- 
ory is required to hold saved SFRs, as well 
as all return addresses for subroutines 
called up by the interrupt program. The 
message 1s clear: make sure that you have 


SOURCE 


LCALL UPROI 
NOP 
UPROL LCALL UPRO2 
NOP 


UPRO2 MOV 68,8 


sufficient stack room at all times! Users of 


the 8052, 8032 or 80C32 may avail them- 
selves of the additional 128 bytes of inter- 
nal RAM contained in these controllers. 
You may do so by programming 
MOV SP,#080H supper RAM as 
slack 


This gives a stack space of 128 bytes, 
which should be enough for most applica- 
tions. 


Saving data on to the 
stack 

It often happens that a certain byte (SFR or 
accumulator) is to be put away safely, and 
retrieved a little later. This is achieved by 
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MSB| LSB 
ea] x Jere [es | ets [ext | e710] exo] 


Symbol Position Function 
EA dsables all interrupts, I EA = 0, no 


Interrupt will be acknowledged. If EA 
= 1, each Interupt source it 


inctvidually enabled or disabled by 
setting or clearing its enable bit 
reserved 

enables oc disables the Timer 2 
overflow of capture interrupt, If ET2 
= 0, the Timer 2 Interrupt is disabled, 
enables of disables the Serial Port 


Interrupt HES = 0, the Serial Port 


Overfiow Inferupl If ET1 = 0, the 
Timer 1 interrupt is disabled, 

enables or chrsables External Interrupt 
1. 1 EX1 = 0, Extermal interrupt t is 
disabled. 

enables or disables the Thner 0 
Overflow interrupt If ETO = 0, the 
Timer 0 interrupt is disabled. 

enables of chaables External Interrupt 
0. EXO = 0, External Interrupt 0 le 
diaabled. 
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Fig. 34. Functions of individual bits in the in- 
terrupt enable register, IE. 


MSB LSB 
Lx] x [pre [es [ots [exs | eto | Pxo ] 


Symbol Position Function 

IPT reserved 

IP.6 reserved 

PS defines the Timer 2 Interrupt priortty 
bevel, PT2 = 1 programe ft to the 
higher priortty level, 
defines the Seral Port interrupt 
pehority level. PS = 1 programa It to 
the higher priorty tevel, 
Gefines the Timer 1 interrupt priertty 
level, PT1 = 1 programa ft lo the 
higher priority kevel, , 
defines the External Interrupt t 
Prortty Mevel, PX1 = 4 programs It to 
the higher priortty level. 
defines the Timer 0 interrupt priortty 
level. PTO = 1 programa It lo the 
higher priory kevel. 
defines the External interrupt 0 
Priority level, PXO = 1 programs it to 
the higher priority bevel, 
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Fig. 36. Bits in the Interrupt Priority register, 
IP. 

the instructions 
PUSH ACC ;save accu on to 
stack 
sInstructions in 
between 

fetch accu from 
stack 


POP) ACC 


The PUSH instruction stores the indicated 
byte (direct addressing) on to the stack. 
Subsequently, the SP is automatically in- 
creased by one. The POP instruction 
fetches (‘pops’) the last PUSHed byte from 
the stack. Since storing (PUSHing) con- 
sumes stack space, the PUSH instruction 
should be used with care, since only limited 
space is available. The PUSH and POP in- 
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Fig. 33. Interrupt ‘detours’ contained in the system monitor program, EMONS1. 


(MS8) LSB} 
{ TF | TAI [tro | TAO | IES T1 1E0 a} 


8ymbol Position Name end Bignificance 


8ymbot Position Name ond Significance 


TFA TCON.T Timer 1 overflow Flag. Set by 
hardware on Timer/Counter overfiow, 
Cleared by hardware when processor 
‘vectors to Interrupt routine, 


Timor 1 Run control bit, Set/clenred 
by software to tum Timer/Counter on/ 
of. 


Timer 0 overflow Flag. Sel by 
hardware on Timer/Counter overflow. 
Clearod by hardware when processor 
vectors to Interrupt routine, 

Timor 0 Nun control bi, Set/cloared 


by software to tum Timer/Counter on/ 
ol, 


1E1 TCON.3 Interrupt 1 Edge Neg. Set by hardware 
when extemal interrupt edge 
detected. Cleared when Interrupt 


Processed. 
Interrupt 1 Type contro! br. Sat/ 
Cleared by software lo apactty falling 
edge/low level Liggered external 
Interrupts. 
Interrupt 0 Ede fag. Sat by hardware 
when extemal Interrupl edge 
delected, Cleared when interrupt 
processed, 
Interrupt 0 Type control bi. Set! 
cleared by software to apecity falling 
odgea/low level triggered external 
Intecrupta. 

910109 -6-18 


Fig. 35. Bits in the Timer Control register, TCON. 


structions are offen used within subroutines 
to rescue SFRs, which are then available 
again unchanged at the end of a subroutine, 


Interrupts 


Interrupts are used whenever it is necessary 
for a program to respond as quickly as pos- 


'€ REGISTER 


(8052 ONLY) 


INDIVIDUAL 
EWABLES 


CLOBAL 
DISABLE 


sible to external events. Such an event 
might be the arrival of a measurement 
value that is to be processed as fast as pos- 
sible. 

Interrupts from various sources can 
occur at any time during the program exe- 
cution, which makes their programming 
and debugging complex, if not problem- 


HIGH PRIORITY 


IP REGISTER INTERRUPT 


INTERRUPT 
POLLING 
SEQUENCE 


LOW PRIORITY 
INTERRUPT 
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Fig. 37. 8051 interrupt control system structure. 
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atic. Beginners are. therefore, well warned 
against the many pitfalls that lurk in inter- 
rupt-controlled microcontroller systems. 

The interrupt capabilities of the 8051 
family are briefly discussed below. 
External interrupts are applied via [C input 
pins INTO and INTI (pins 12 and 13). On 
the 80C32 SBC, these two pins receive in- 
verted signals that arrive via connector 
pins c3 and ¢c5, and IC12. The user can se- 
lect the interrupt mode beforehand: an in- 
terrupt occurs (1) on a signal edge only 
(positive edge on INTO), or (2) when INTO 
= ‘I" (static logic level). 

Further interrupt sources are Timer 
FlagO and Timer Flag] (TFO and TF1), 
Receiver Interrupt (RI) and Transmitter 
Interrupt (TI), The 8052 and 8032 con- 
trollers have two more interrupt sources: 
Timer2 and external interrupt line EXF2. 
When an interrupt occurs, the processor ex- 
ecutes a kind of LCALL instruction, which 
results in a jump to the address associated 
with the interrupt. Interrupt sources and as- 
sociated addresses are listed in Fig. 33. 

It will be noted that the interrupt ad- 
dresses are normally in the memory re- 
served for EPROMs, and, therefore, not 
easily changed, Fortunately, the monitor 
EPROM (EMONS1) provides so-called 
links, which are described in the file 
EMONS1.DOC. The links allow interrupts 
to be called and relocated as required. For 
instance, the monitor causes interrupt LEO 
to jump to address 4003H of the program 
memory, which is RAM. After a reset, the 
monitor loads this address with a jump to 
an internal interrupt routine. By calling the 
monitor subroutine LINK, you can change 
the jump address to point to your own in- 
terrupt. All that is required to set up this 
‘detour’ is to have your interrupt address 
ready in the DPTR, and the index in the ac- 
cumulator, before calling LINK. [t should 
now be clear why we start our course pro- 
grams at 4100H instead of 4000H: the 
lower page, 4000H to 40FFH, is used by 
the monitor, 

The organization of the interrupts ts 
arranged by the SFRs TE (interrupt enable: 
address QA8H) and IP (interrupt priority; 
address OBSH). Interrupts can be enabled 
or disabled selectively by setting or reset- 
ling the appropriate bits in IE, as shown in 
Fig, 34, Bits [TO and IT] (see Fig. 35) de- 
termine whether the external interrupts are 
level-triggered (bit="0") or edge-triggered 
{level=‘1"). Both bits are contained in the 
timer-control SFR, TCON, at address O88H 
(ITO = TCON.O; IT] = TCON.2). For a 
quick test, use the following little program 
(not on your course disk): 

LE, EQU 08AH snew: interrupt 

enable SFR 

ORG 4100H program start 

address 
MOV TE#OFFH sall interrupts 

~FREVR SJMPFREVR | 
END 


{MSB) 


(LS) 


co [mi | mo | cate | cot [ mi [ wo _| 


Ree ee ee ee 
Timer } 


Timer 1 


Gatrg contro: when set Timer(Counter “x” @ enabled 
onty white “INTE” pin is high and "TAx"” control pin be 
6L When cleared Timer "x" Is enabled whenever 
“TRx" contro! bit ts set 


Tamer or Courter Selector cleared for Timer operation 
{input trom internal system clock}. Sel for Counter 
Operation (input from “Tx"' input pin). 


Fig. 38. Bits in the Timer-Mode register, TMOD. 


CONTROL 


GATE 


INTO PIN 


W12 Ios 


CONTROL 


Fig. 41. Timer operation in Mode 3. 
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TL TH 
{8 Bite) | (a Bit) 


Opersting Mode 
MCS-48 Timer “TLx” serves as §-bit preacaler, 
16-bit Timex ‘Counter “THx” and “TLx” are 
cascaded: thers le no presceler, 
6-bH auto-retoad Tener / Counter "Thin" olde a 
value which bt to be reloaded into “TL” each 
time ft overflows. 
(Timer 0) TLO bs an 86-bit Tener Counter 
contotied by the standard Tier 0 contro! bits, 
THO is an 8-bil ter only controtied by Timer | 
control bits, 
(Timer 1) Timer/Counter 1 stopped. 
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crn 


+ every 250ps 


decrease 
COUNT1 


yes 
<<? every 250 x 100ys 


COUNT1: = 100 


decrease 
COUNT2 


chain INT & 


initialize timer 


COUNT1:= 100 
COUNT2 := 40 


start TIMER 
enable interrupts 


«) every 250 x 100 x 40ps = 1sec 


COUNT2: = 40 
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Fig. 42. Flow diagram of the seconds pulse generator program. 


Assemble and run this program, and see 
what happens if you generate an interrupt 
by applying a +5 V pulse to connector pin 
c3 or c5. Can you explain what happens? 

The 8051 has a low and a high interrupt 
priority level. An high-priority interrupt 
can interrupt the routine of a low-priority 
interrupt. Interrupts can be assigned a pri- 
ority level by setting the appropriate bits in 
the interrupt priority SFR — see Fig. 36. 
Figure 37 shows an overview of the inter- 
rupt control system. It also shows the se- 
quence followed to finish — interrupt 
routines, when requests are received simul- 
taneously (polling sequence). 


Interrupt routines 


“When an interrupt occurs, and the 8051 is 


programmed to respond to it, the program 


jumps to the routine that belongs with the 
interrupt. To make sure that the ‘inter- 
rupted’ main program can continue without 
problems when the interrupt routine is fin- 
ished, the interrupt routine must not con- 
tain instructions that change the registers 
used by the main program. This is usually 
ensured by PUSHing the SFRs right at the 
start of the interrupt service routine. and 
POPping them back again on return to the 
main program. To protect registers RO to 
R7, the register bank is swapped. This re- 
quires a clear-cut subdivision to be defined 
of the register banks with the associated 
program levels, at the earliest stage of pro- 
gram development. Add to that the possible 
complications caused by the register banks 


rors may creep in at any stage, and not come 
to light after a good deal of debugging. 
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To return from an interrupt to the main 
program, simply program 

RETI creturn from interrupt 
Contrary to the RET instruction, RETI 
clears the bits that have triggered the inter- 
rupt. A practical example of interrupt pro- 
gramming is discussed together with the 
function of the timers. 


Counters and timers 


The 8051 has two counters that can be used 
to count events. When clocked with an in- 
ternal signal, these counters may also be 
used as timers. Each timer is capable of 
working in different modes. The timer 
mode is programmed with the aid of an ap- 
propriate bit pattern in the associated SFR. 
Counter contents (states) can be read and 
preset via SFRs. 

The SFR for timer mode control is 
called TMOD (SFR at O89H; not bit-ad- 
dressable), while the SFR tor timer control 
is called TCON (SER at O88H, bit address- 
able). The function of the individual bits in 
these SFRs is shown in Figs, 35 and 38, 

The lower-order byte ot 
Timer/Counter | is addressable under the 
name TLI at address O8BH. The higher- 
order byte is called TH1, and is found at ad- 
dress OS8DH. The general mode of 
operation is determined by mode _ bits 
TMOD.4 and TMOD.5. When both are *0"," 
the counter operates as a 13-bit counter. 
The interaction between the various bits 
and the external signals is shown in Fig. 39. 
The C/T bit allows you select between an 
internal timer clock (C/T = 0) and an exter- 
nal timer clock (C/T = 1). 

The logic levels of the bits TRI, GATE, 
and the level at the INTL pin, control when 
the counter ia actually operating. TRI, for 
instance, allows the counter to be switched 
on and off (provided GATE = 0). The TF] 
flag is set whenever the counter changes 
from its maximum count to 0; in other 
words, when an overflow occurs. This flag 
can be interrogated by software, for in- 
stance, to trigger an interrupt. Note, how- 
ever, that this requires bit 3 (I[E3) in the 
interrupt register to be set. 

When C/T = 0, the counter counts the 
quartz frequency divided by 12, i.e... 1 MHz 
in our case. In mode | (TCON.4 = 1; 
TCON.5 = 0), the counter counts exactly as 
in mode 0), but with a width of 16 bits. 

In mode 2, the counter works as an 8-bit 
counter (the count value is contained in 
SFR TL1), which, on overflow, is reloaded 
with the value contained in TH]. (8-bit 
auto reload). This mode ts illustrated in 
Fig. 40. [In mode 3, the counter is simply 
halted. 

In the system monitor, EMONS1I, 
Timer | is used as a baud rate generator. It 
can not be used for other purposes, unless 
d for the serial interface. 

Timer/Counter 0 operates largely like 
Timer/Counter 1; only the bits and SFRs 


ra 
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are different. The main difference is, how- 
ever, that Timer 0 can also be used in 
mode 3 (TCON.0 = 1; TCON.O = 1). In this 
mode it operates as two independent 8-bit 
counters/timers, as illustrated in Fig. 14. 


Note that the second 8-bit timer uses a cou- A ea a a a 
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Interrupt-controlled clock 


We will first discuss the interrupt routine 
proper. The flow chart is given in Fig. 42, 
and the assembly code listing in Fig. 43 
(program XAMPLEIL! on your course 
diskette). The routine starts at label INTTO. 
Unfortunately, it is not possible to generate 
a one-second clock signal with a single 
timer. Even when we divide the internal 
clock with a 16-bit counter, the maximum 
time between two overtlows is 65,536 Ls, 
or about 0.065 s. We therefore adopt a dif- 
ferent approach, 

We use an interrupt rate of 4 kHz, which 
means that 250 us elapse between two in- 
terrupts. This is simple to achieve by set- 
ting Timer 0 to auto-reload mode (mode 2), 
using 256-250 = 6 as the reload value. The 
flow chart shows that the interrupt routine 


counts up to 40x 100 = 4000 with the aid of 


two sequentially arranged count bytes 
(COUNT! and COUNT2). The variable 
COUNT! counts down starting at 100. 
When it reaches 0, COUNT2 (which starts 
at 40) starts to count down. When 
COUNT? reaches 0, a total of 250x4000 ps 
has elapsed, and the subroutine leaves 
‘POST’ in the mailbox of the main pro- 
gram, The presence of POST is signalled 
by a bit. 


Main program 


The most difficult task of the main pro- 
gram is the correct initialization of the 
SFRs for the counter and interrupt control, 
First, the counter mode is loaded, and the 
mode-2 reload value is set (lines 25, 26 and 
27). Note that Timer | must be left to oper- 
ate In mode 2 to enable it to function as the 
baud rate generator. Next, the counter vari- 
ables are set up. In lines 31, 32 and 33, the 
counter is started, and the interrupts are en- 
abled. The rest of the main program is a 
“Simple loop. Stalling al label NEW, 
program first sends an asterisk via the ser- 
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Fig. 43. Listing of the seconds pulse generator program, XAMPLE11. 


ial interface. Next, it waits for POST in the 
loop that starts at label WAIT. The pres- 
ence of the seconds pulse is signalled by 
the variable POST being unequal to 0. 
When the POST is fetched, the variable is 
resct to 0 betore looping back to the start of 
the main program. 


Assignments 


An interesting assignment to work on after 
studying the material presented here would 
be to design a program that reads the input 
voltages at all three analogue inputs of the 
extension board, and outputs the digitized 
values via the serial port, say, every 
minute. If you find that too easy, have a go 
at outputting decimal values multiplied by 
certain correction factors. 

Another idea is to program a software 
window comparator that sends an ‘OK’ 
message to the terminal when the voltage 


eat analogue input 2 of the extension board 


is between the voltages at inputs | and 3. 


Next time 


The next course instalment will tackle the 
serial port of the 8051. The application will 
be software for a simple MIDI sequencer. 
In addition, we will show you how to con- 
nect an LC display to the 80C32 SBC. 2 
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23-CM FM TRANSCEIVER 


This transceiver was 
designed in response to a 
need for a simple, easy to 
build, self-contained radio 
for use through the local 
23-cm (1.3-GHz) repeater, 
as either a mobile or a 
fixed station. The design 
draws heavily on circuitry 
and techniques employed 
in 900-MHz portable 
phones, modified to suit 
amateur needs. It is hoped 
that this design will prove 
of interest to others and 
create more activity on this 
largely underused band. 


By T. Forrester G4WIM 


Unit operation 


As the design is primarily intended for 
mobile working, the controls have been kept 
to a minimum whilst maintaining features 
required for efficient operation. 

The prototype combined the transceiver 
on/off with the channel select switch in 
order to save front panel space. The design 
permits diode programming of up to 5 chan- 
nels; this number could obviously be in- 
creased by using a larger diode matrix or 
some form of memory. A toggle switch se- 
lects either simplex or repeater working. For 
the latter function a tone burst button is pro- 
vided which also keys up the transmitter. 

There are conventional volume and 
squelch controls and sockets for external 
microphone and speaker, as required. The 
prototype was slightly modified to be com- 
patible with the ICOM HS51 mobile headset. 
Details of this modification are available on 
request from the author. 


Circuit operation 


Figure 1 shows the simplified overall block 
diagram, high-lighting the most important 
areas of the design. Figure 2 shows the detail 
of the receiver circuitry. The incoming signal 
passes through the aerial change-over relay 
which is a 960-MHz strip line type having 
good isolation and an insertion loss of less 
than 0.5 dB at 1.3 GHz. The RF pre-amplifier 
(TR9) is a low-noise Avantek GaAs FET, so 
ensuring excellent sensitivity. The pre-am- 
plifier feeds a ready-made three- stage heli- 
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cal filter (FL3) to heavily attenuate the image 
response 90 MHz below the receive fre- 
quency. Following the helical filter is a low 
noise MMIC (IC 17) providing a further 13 dB 
of gain and 50-Q output impedance to drive 
the SBL1-X diode ring mixer (Ds). This mixer 
is operated slightly above its maximum fre- 
quency rating, but experience has shown 
that the conversion loss increases only 
slightly and is amply compensated for by the 
preceding low-noise amplifiers. 

The local oscillator signal, which is 
45 MHz below the desired receive fre- 
quency, is supplied by a synthesizer, see 
below. 

The output of the mixer is passed to the 
first IF amplifier (TR12). This stage is a low- 
noise grounded gate FET amplifier whose 
input impedance is approximately 50 Q, so 
providing the diode ring mixer with a rea- 
sonable load. 

The drain load of TRi2 is tuned and 
loaded to match the following 45-MHz crys- 
tal filter. Likewise, the second IF amplifier 
(TR13) has a tuned and loaded input circuit 
to match the output of the filter. The 45-MHz 
IF signal is now ata sufficiently high level to 
be further processed by ICo. 

The 45-MHz signal applied to pin 18 of 
ICe is mixed down to an IF frequency of 
455 kHz, where it is demodulated and fil- 
tered before being passed on to the audio 
power amplifier (IC5). IC6 also provides the 


mute function (Fig. 3). 

Referring to Fig. 5, on transmit, TR1 is 
turned on, so that the relevant transmitter 
sections are powered, and the simplex or re- 
peater transmit offsets are added in to IC] 
through to 1C3: see the notes on program- 
ming below for further details. 

The output signal at the collector of TRi is 
used to operate the PIN diode switch within 
the VCO, so routeing the signal from the re- 
ceive mixer to the RF power amplifier mo- 
dule (PA1). It also powers the microphone 
stages (TR4 and TRS), activates the varactor 
diode used for FM transmit (D15) and turns 
on TRe, so operating RL1 which in turn pro- 
vides bias for PAI yia TR7. The receiver front 
end is powered down as TRs is turned off. 

By selecting a jumper between either 
pins 1 and 2 or pins 2 and 3 on PLe, it is 
possible to run the final stage of the power 
amplifier from either 8 V or 13.8 V. The latter 
supply level generates 2 watts of RF output 
as opposed to 1 watt. 

The heart of the frequency synthesizer 
uses a Motorola MC145152P2 (Fig. 4) and a 
64/65 prescaler combined with some simple 
logic to provide 25-kHz channel spacing, 6- 
MHz down shift for repeater access and a 45- 
MHz offset required for the receiver local 
oscillator. 

The VCO and buffers make extensive use 
of surface mount parts to create a compact 
VCO which is very rugged and practically 


lle ee 


RADIO AND TELEVISION 


a Protection 
5 ; ~~ # To Rx 
Limiter = 4 Regulator 
DEV 
Tone Burst Y) Select ’ 
Generator TONE 
DEV av 8V 5v 
Ri 
TONE ms is = 
ACCESS 
Loop Mod 
Input 
emer Binary Fitter as VCO+Buffers Synth Pre-scaler 
Select Adders Lines 
TZ Ws Modulus contro! us Dees 
VCO + Buffers Output 
Vines af 
Pre-scaled O/P Pre-scaler 
RF Power 
Module 
RX Lo 
Output 
Reference 
Tx Tx RPTR osc 
Offset Offset ae Aerial 
Change Over 
Relay 
| 1.3GHz 
| 455kHz 45MHz Low Noise __ Helical Low Noise 
a | FET FET MMIC FET 
~ (x) = (x) x 
| | Diode 
Ring 
| | 
| | 
| | 
2nd Lo 
| Y Mure = Ss sa ast | 
| I 
| | A.F. Power 
fata megs el at Recs Fisted wes et ae ead Amp 
LSP 
Z | 
920053 - 11 


Fig. 1. 


Block diagram of the transceiver. 


immune to vibration. 

The pre-scaler (IC13) is a dual-modulus 
+64/+65 type controlled by the modulus 
control output of IC11. ICi1 is run at 8 V to 
ensure reliable operation, while IC13 needs 
to run off 5 V. Level shifting between these 
two ICs is provided by Rs3, C45 and Ds. This 
combination also minimizes overall mo- 
dulus control delay between the two ICs, a 
critical factor when using dual-modulus 
prescaling at these very high frequencies. 

The loop filter around [Cio needs little 
comment, and is designed to the Motorola 
data sheet, attenuating the 25-kHz reference 
frequency to below —55 dBc. This level of at- 
tenuation, while not perfect, is more than 
adequate for a low-power radio such as this. 
IC is powered from the main 13.8 V sup- 
ply, filtered by R2i and Cs3, so providing 
maximum available output swing, 

The reference for the synthesizer is gener- 
ated by XL1 and TR3. An external reference 
oscillator was employed as it was possible to 
design a oscillator with a better frequency 
stability than using the internal circuits of 


ICii. At 1.3 GHz, stable frequency gener- 
ation is a must for reliable communication. 

During the transition from receive to 
transmit, the synthesizer is unlocked for ap- 
proximately 100 ms until it settles on its new 
operating frequency. As there is no circuitry 
to detect synthesizer unlock and disable the 
RF power amplifier, a carrier momentarily 
sweeps on to frequency. While this situation 
is not ideal, it was thought that the extra cir- 
cuitry involved did not merit being included 
given the low power output and level of 
band occupancy. 

If any constructor wishes to disable the 
RF power amplifier while the synthesizer is 
unlocked, the author can supply the necess- 
ary details. 

Finally, [C+ provides a simple 1750-Hz 
tone access for repeater working. 


Programming 


Since the synthesizer has to generate three 
possible frequencies for each channel, ie., re- 
ceive LO, transmit simplex and transmit re- 


peater, the data presented to IC11 has to be 
modified according to the mode in use, 

Assuming that the unit is receiving on 
1297.125 MHz, the LO must be on 
1297125 MHz—45 MHz ie., 1252.125 MHz. 
Also, since we are working with a channel 
spacing 25 kHz, the LO frequency must be 
scaled down (i.e., divided) by a factor 
1252.125 MHz/25 kHz = 50085, 

This factor of 50085 needs to be further re- 
duced before it is programmed into the ‘A’ 
and ‘N’ counters of IC11. Since we are using 
a divide-by-64 prescaler, the ‘N’ count for 
ICui is the integer 50085 /64 i-e., 782, the re- 
mainder of 37 is used for the ‘A’ count. 

So, to operate on 1297.125 MHz the ‘N’ 
count is 782 and the ‘A’ count is 37, Because 
we only need to cover the 1297 MHz to 
1298 MHz section on the band on receive, it 
is possible to hard-wire some of the higher- 
order control lines of IC11. A close check on 
all the required codes reveals that binary 
weights 512 and 256 can be permanently 
held true. This means that from a control as- 
pect ‘N’ of 782 is reduced by 768 to 14, 
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Dermudulator 
Filter 


CASE 707 


Fig. 3. 


thereby reducing the number of lines that 
need to be manipulated. The actual number 
range becomes 13, 14 or 15 when covering 
1296 MHz to 1298 MHz, and is accounted for 
automatically in the adders (IC2, IC3 and 
ICa). 

To operate at 1291.125 MHz ‘transmit’ 
(repeater input for 1297.125 MHz), the syn- 
thesizer has to be shifted up by 39 MHz ie., 
the count has to increase — by 
39 MHz/25 kHz=1560. Converting this to 
‘N’ plus ’A’ format gives ‘N’=24 and ‘A’=24. 

If, instead, transmit on 1297.125 MHz 
was required, then 45 MHz would need to be 
added, i.e, the count has to increase by 
45 MHz/25 kHz=1800. Converting this to 
‘N’ plus a format gives ‘N’=28 and ‘A’=8. 

By comparing the above bit patterns re- 
quired for these two offsets, it becomes ap- 
parent that, on transmit, only the ‘4’ weight 
needs to be changed in the ‘N’ count, and the 
‘lo’ weight in the ‘A’ count, to select either 
simplex or repeater transmit. All other 
weights are required regardless of which 
transmit mode is chosen, 

The addition of either of these two offsets 
to the receive base numbers is easily accom- 
plished by binary adders IC1, IC2 and IC3. 

So, to recap, to calculate the numbers — 
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Block diagram of MC3359 low-power narrowband FM IF (courtesy Motorola). 


and hence diodes — required for a given 
channel: 


1. Calculate the RX local oscillator (LO) fre- 
quency (Fsiy -45 MHz). 

2. Scale down this frequency by a factor (RX 
LO Freq. /25 kHz). 

3. Convert to ‘N’ plus ‘A’ (‘N’ over- 
all /64=’N’; remainder='A’). 

4. Subtract 768 from ‘N’. This result should 
be either 13, 14 or 15 when programming re- 
ceive frequencies between 1296 and 
1298 MHz. 

5. Convert ‘A‘ (remainder from 3. above) to 
binary, i.e., 1, 2, 4, 8, 16, 32. 

6. Insert diodes from the selected channel 
number to the binary weights required to 
program the given ‘A’ and hence the desired 
frequency. When fitting the diodes, ensure 
that they all ‘point’ towards Rs. 

The lines on the silk screen around the diode 
matrix area show where diodes need to be 
inserted to program the following frequen- 
cies to the associated channel. 


Channel 1: 1297.125MHz (RM5) 
Channel 2: 1297.000MHz (RMO) 
Channel 3: 1297.075MHz (RM3) 
Channel 4: 1297.150MHz (RM6) 


BLOCK DIAGRAM 


Decoder 


LO 


Phase 
Detector 


not shown 


3° Modulus 
Control 


Note NO through N9, AO through AS and 
RAO through RAZ have pullup resistors 


Channel 5: 1297. 500MHz (SM20) 


Fitting no diodes at all would cause the radio 
to operate on 1296.200 MHz, and could be 
useful for monitoring SSB activity. 

To make the radio more flexible, a small 
add-on PCB is being designed which will re- 
place IC1, IC2 and IC3. This circuitry will 
allow any repeater shift to be programmed, 
listen on input, and will also permit the use 
of thumbwheel or similar switches, The pro- 
gramming, data will be held in an EPROM 
mounted on the PCB. 


Construction 


Tt is easiest to fit all the surface mount parts 
first (on the track side of the PCB). A steady 
hand, a pair of tweezers and some patience 
are very necessary to make sound joints. 
Take time to make sure that the VCO section 
in particular is well put together as event- 
ually it will be covered by a metal box mak- 
ing subsequent repair less easy. A close-up 
of the VCO area is shown in Fig. 8. 

Note that C93 and C4 are mounted 
through the PCB after their holes have been 
cleared out with a 1.5-mm drill (to remove 
the through hole plate). This ensures that the 
source leads of TR9 are effectively by-passed 
to the ground plane. 

After all the surface mount parts have 
been fitted, proceed with the remaining re- 
sistors and capacitors, followed by the rest of 
the ICs. Take care not to make any shorts be- 
tween component leads and the ground 
plane. 

Finally, fit the Molex connectors, relay, 
crystals and ICi6 bolted to a good heatsink. 
Do not at this stage fit the RF power ampli- 
fier. 

Before applying power for the first time 
check that the board has been correctly as- 
sembled and that there are no obvious wir- 
ing faults, 


Testing and alignment 


The transceiver is built on one high-quality 
through-plated, silk screened, solder re- 
sisted PCB of about 127 mm x 185 mm, 


PIN ASSIGNMENT 


Block diagram and pinout of MC145152P synthesizer IC (courtesy Motorola). 
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which is designed to fit inside a standard dic 
cast box or similar case. The PCB and a num- 
ber of components to build the transceiver 
are available from the author. 

It is possible to align and test most of the 
PCB without installing it in its case. Only 
when the RF power amplifier is to be tested 
does the unit need to be installed in its case. 

It is assumed that the unit has been diode 
programmed to the desired set of frequen- 
cies. 

Make all the connections as shown in 
Fig. 6, and turn the unit on. The supply cur- 
rent should be circa 250 mA with the re- 
ceiver muted. If the current is vastly more or 
less, there is probably a fault. 

Adjust C78 for a voltage of between 4 V 
and 5 V on pin 6 of IC 10. [fnecessary, slightly 
adjust the height of Ly. 

Turn off the power, and place the VCO 
cover on the PCB. Mark where the signal 
tracks would short to the cover. File these 
areas slightly (0.5-mm clearance is plenty). 
Carefully place the VCO cover box on the 
PCB and turn on the power. The voltage on 
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23-CM FM TRANSCEIVER Ea 


COMPONENTS LIST 


cot = 830pF ue 19 = see below 

"means surface mounted part. C22 = 680pF ge EID OE Gee 
| means Cirkit part number. C23 = 68pF: es Decne 
C24,029-Cab=4.7nF ‘ 5 and L9 are pieces of 22 SWG tinned cop- 
|. Resistors: Ce7 = 10pF ee st wire soldered 1.5-mm above the PCB on 

5% 0.25-W NK3 Type unless otherwise C2SCST etapF oe, ue side between the relevant pads. 
stated. 39:C40:C102 = 100nF chip * i ee 
* = Chip resistor; 5% RCO1 type. C42 = 1000uF 16 V axi sles 

C51;052=470nF 0.2" ides seein Ht: 

C55=1000F 02" oe _XL2 = quartz crystal 44.545 MHz 
C56 = 470pF Oe nec ee Mee Gt 0a 
R4 = 100kQ soldi eS eatin | FL2 = filter 45M15A 
R5;R6;R14;R20:R27;R29;R40; C62 = 25pF trimmer me RES Ae 1712100 | 
R48;A83 = 2kQ2 C63 = 470pF chip * se Sa = 10-way Molex 
RT = 1kO5 C64;C66;C67:C70;C71:C72:074. —=s|_s PLSPL3.= 2-way Molex 
RB;R13:R16 = 22kQ C77; sep enialiade ick | PL4 = 5-way Molex 
RO = 27kQ C68 = 1nF chip * a _ PLS = SMA coax socket 
R10;R12;R45;R59;R61 = 10kQ C69 = 100pF chip * ue | PL6;PL7;PL8 = 3-way Molex 
R14;R30;R47 = 330kQ C73 = 10pF chip * i | RL1= 175-051 (Farnell) 
| RIS-= 33kQ C78;C91 = 2pF trimmer $1 = single pole momentary action 
R17;R28;A33;R62 = 1kQ C79:C81 = 1pF chip * $2 = single pole 5 way 
R18 = 2k02 preset C80 = 2.2pF chip * $3 = single pole change over 
R19;R21;R43 = 1000 C82 = 0.6pF chip * ; Bu $4 = PTT (usually part of microphone 
R22;R23;R24;R25 = 18kQ C©98,C99;C100 = 33pF chip * assembly) 
A26;R34;R84 = 15k 
R81 = 12kQ Note: C93 and G94 are fitted through the 
R82 = 82k PCB after the holes have been drilled out by 
R36;R89 = 5kQ preset a 1.5-mm drill. Necessary to remove the 
R38 = 220 through hole plating. 
R39;R54 = 1202 
R41:R51 = 56Q Semiconductors: 
R42;R72;R85;R86 = 2kQ2 chip * TR1;TR2;TR7 = BC477 
R44 = 6802 TR3;TR5;TRS = BC109 


R1;R2;R35;R37= 4kQ7 
R3 =.47kQ SIL 


__ Gemi-rigid coax for for RX LO and TX drive 
connections. 


Note; S2 could be 2-pole 6-way, the second 
pole being used as the power switch, as per 
prototype. 

Sockets as required for external microphone, 
speaker arid power connectors, 


R46 = 470Q TR4:TR6 = BC107 Hardware: 
A49;R50 = S6kQ TRO = ATF13484 * aii gaaee 8mm high pillars. ; 

~ TR10 = BCW33" power amplifier mounting block 
R52. = 270 BC lf llc 


R53 = 2700 TR11 = BFR92* 
R55;R57 = 4kQ7 TR12 = 4310 

R56 = 680 TR13:=3N201 

R58 =. 10kQ preset 1C1;IC2:1C3 = CD4008 
R6O = 1802 {C4 = CD4011 
R63 = 39k chip * 1C5 = ULN3718M 
R64 = 4kQ7 chip * IC6 = MC3359 
R65;R68;R77. =. 10kQ chip * IC7IC9;IC12 = 78.08 
R66 = not fitted | Wee rslon i ee 
R67;R75;R78;R79;R80 = 82Q chip * (C10 = TLos1 Ve For PCBs and component sets, contact 
R69;R73 = 1kQ chip." 1C11 = MC145152P2 ee ee | Piedad 

R70 = 10kQ log. pot IC1i3=MBSOIL oe "Mr. T. Forrester, 12 Lime Close, Hartwell, 
R71 = 330Q chip* IC14:1C15=MSA0304" Northants NN7 2PS, England. 
R74;R76 = 470 chip * tbat ee ee 
R81;R82 = 220 chip.* 7 = MSAO Gea Ae Latest iosue PCBs ae ‘Rev. On those, 
| R88 = 10k tin. pot ) 


1 off Diecast box 220x1 50xsSmim minimum 
size. 

VCO cover 70x53x6mm (internal dimen- 
sions) made from 0.5-mm brass. or similar: 


Cirkit PLC are at Park Lane, Broxbourne, 
Herts EN10 7NQ, England. Telephone: 
| (0992) 444111. Fax: (0992) 441306... 


Capacitors: 
pF chip * capacitors are 0805 size, 
nF chip * capacitors are 1206 size. 
All capacitors are See es, 0. wT radial fit- 
ting types unless orerwen ered. 


antenna © 
oda and DC FM er 9.600 baud 


C1;C11=4.70F 16V 
©2:C3;C49;C50 = 22nF EAS 
C4;C5:C25;C26; ($49; C44:C46,059:054;058, 
C60;CO5;CB84;C1IO1 = 47NF 16Vo 

| C6-= 100uF 16 V 
C7;C9;C10;C16:C17;C18:020;036; 37.041; 
047;048:C59 = 100nF 
©8;C13;C14;C38:645 = InF 
C12:=150pF 

C15 = 22pF mht . s 
C19 = 22nF 0.2" (L7L8 =< 0.1pH* 
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RADIO AND TELEVISION 


Note: 

Cut-Outs are required in this area 
of copper to match those on the 
ground plane ot the PCB 


Keep this gap to 1 mm max. 


RF Power Amplifier Module 


—Module Leads 


1.6 mm PCB 


(@ 
TET 


8mm High 
Tapped Pillar 


<¢— Copper Tape 
Clamped between module 
and heatsink block 


6 mm Block Alloy 
Supporting Module 
Fastened to case with 2 
off 3mm CSK screws 


ZILLA OK LLL LLL LLLA MAMA ALAA LL 


Bottom of Case 
Side View 


Fig. 7. 
on module or copper tape. 


pin 6 of [Cio will have increased by about 
1 V. This is normal. Turn off the power and 
tack solder the cover in place every 10 mm or 
so for the time being. 

Turn on the power and set the reference 
oscillator to 3.2 MHz using C2, 

Lift the receiver mute and align the re- 
ceiver by tuning toa strong local signal. Peak 
C9) and FL3, followed by La, L3 and L2. Tune 
Li for best recovered audio. Check that the 
mute action is smooth and positive. 

If a signal generator is available, the mute 
should lift at less than 0.15 wV and have a 
SINAD of 12 dB or better. 

If necessary, adjust the reference oscilla- 
tor using C62 to ensure that the receive signal 
is correctly tuned. 


Fig. 8. 
by a metal cover. 


Close-up of the VCO area of the PCB. This part of the circuit is normally enclosed 
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Suggested mounting of RF power amplifier module. Do not use heat-sink compound 


If everything is operating all right so far, 
solder the VCO cover firmly in place, to fur- 
ther reduce any residual microphonic ef- 
fects. 

Referring to Fig. 7, install the PCB in its 
case on 8-mm pillars. Next, solder the RF 
power amplifier to the PCB ensuring that 
copper tape is used to bond the base of the 
module to the ground plane of the PCB (see 
drawing in Fig. 7). Make sure that the power 
module and IC16 are well ‘heatsinked’ to the 
case. Insert a link on PLe to select either high 
or low power. Connect an RF power meter to 
PLs, and select transmit. The current should 
be circa 1.1 A for 2 W output on high power, 
and about 800 mA for 1 W output on low 
power. 


Set the microphone gain (Rs9) midway. 
Next, using a deviation meter or off-air sig- 
nal report, adjust Rss for a peak deviation of 
about 5-kHz. 

Set R3e initially midway, then press the 
tone button and adjust Ris for 1750 Hz. Re- 
adjust R36 for approximately 3-kHz peak 
tone deviation. 

If all is well the radio is now ready for use 
and should give very good mobile perfor- 
mance when used with a suitable aerial, 
typically an Alford slot as most repeaters 
and base stations use horizontal polarisa- 
tion. 


Conclusion 


The prototype has been in use by the author 
for some time now and has proved to be ade- 
quate for both base station use and mobile 
operation. Obviously, owing to the unit's 
relatively low power and higher propaga- 
tion losses at 1.3 GHz when compared to, 
say, 432 MHz, the range attainable is less 
than that available on lower frequencies. 
However, as a general guide it seems that 
when a 23-cm repeater is co-sited with a 70- 
cm repeater (for instance, GB3NH and 
GB3CN}, the 23-cm repeater is accessible by 
a mobile from locations where the 70-cm re- 
peater is accessible on a handheld. This as- 
sumes that the 23-cm mobile is using a half 
sized Alford slot aerial providing circa 5-dBi 
of aerial gain. 

Another interesting aspect of 23-cm 
mobile working is the reduction in mobile 
‘flutter’ when moving even at fairly slow 
speeds, compared to ‘flutter’ observed on the 
lower frequencies. 

Generally, 23-cm repeaters are always in 
beacon mode when not actually in use as a 
repeater. This means that the receiver mute 
would be permanently lifted when monitor- 
ing a repeater/beacon leading to unnecess- 
ary idents and noise being received. To 
overcome this drawback, some repeaters are 
fitted with a sub-audible tone which is only 
superimposed on the repeater transmit car- 
rier when the repeater is accessed, and the 
mute is lifted on its receiver. Typically, the 
tone would be between 60 Hz and 250 Hz at 
a deviation of less than 1 kHz. A receiver 
monitoring the repeater which has a tone 
muite set to the same frequency (123 Hz for 
GB3CN) would now only respond to voice 
traffic passing through the repeater, so ig- 
noring unwanted AFSK idents. If there is 
enough interest, a compatible tone mute cir- 
cuit may be developed for this design. 

The author can supply high quality PCB’s 
(plated through, solder resist, and_ silk 
screened), plus parts or kits of parts as re- 
quired. (Exact prices yet to be determined 
and dependent upon demand). 

If required it is proposed to supply the 
VCO and synthesizer sections assembled 
and tested, leaving only receiver and ancil- 
lary parts to the constructor. This approach 
may be more attractive to those amateurs 
who feel that surface mount techniques are 
perhaps beyond them! a 
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KERBER KLOCK IV 


Musical grandfather clocks 
are still very popular in many 
households. This article 
describes how electronics 
have been applied to build a 
microprocessor-based digital 
clock with twelve different 
melodies which are selected 
by the user. 


By R. J. ‘Bob’ Kerber 


HE construction of the enclosure can be 

at the discretion of the user. For those in- 
terested in woodworking projects, the elec- 
tronics could be housed in a mantle clock or 
carriage clock made of solid walnut, cherry, 
or whatever. Other materials could be 
metal, plywood, paneling, or anything else 
that comes to mind, This article describes 
the author’s enclosure, which uses clear 
plastic. A clear enclosure is not only an in- 
teresting conversation piece but is a unique 
method of displaying one’s handiwork. The 
enclosure is 7.5 inch wide, 5.5 inch high and 
4 inch deep (approx. 191 x 140 x 102 mm). 

The Kerber clock plays a melody on the 
quarter hour, similar to a grandfather clock. 
There are 12 preprogrammed melodies, 
which are user selected by a rotary switch 
on the front panel. At 15 minutes past the 
hour, a quarter of the melody will be played. 
At half past the hour, half the melody will be 
played, and so on, until the entire melody is 
played on the full hour. Almost any melody 
can be preprogrammed into the clock at the 
request of the user — contact the Kerber 
Klock Ko. for details. 


Circuit description 


At the heart of the circuit (Fig. 1) is a 
Motorola 6802 microprocessor. The 6802 has 
its own internal clock and driver, requiring 
only an external crystal, [t also has 128 bytes 
of on-chip RAM, which is nice as long as no 
more RAM is needed because it does not re- 
quire external RAM with additional address 
decoding circuitry. 

A 51-kQ resistor and a 4.7-uF capacitor 
provide a power-on RESET to pin 40 of the 
CPU. A 4-MHz crystal oscillator is used to 
provide an external clock frequency to run 
the processor. The 60 Hz (or 50 Hz) mains 
frequency is shaped by a 7411C14 inverting 
Schmitt trigger gate. This frequency is used 
to run the clock when there is mains power. 
A 1.2-kQ resistor monitors the transformer 
secondary voltage for a power failure. If the 
mains power fails, the clock switches to an- 
other 60 Hz (or 50 Hz) source: the 6840, 


whose timing signal is gated through to the 
NMI\. (non-maskable interrupt) pin of the 
6802. The NMI\ is used for timing the digi- 
tal clock and the length of the tones in the 
melodies. 

The [RQ\ (interrupt request) line of the 
CPU is used for multiplexing the 7-segment 
LED displays. A 74HC14 gate functions as 
an oscillator operating at about 2.8 kHz. 

A 2532, 2732 or 2764 EPROM stores the 
machine language program that tells the 
processor what to do. If a 2532 is used, a 
jumper wire is required from El to E2, and 
one from E3 to E4. If a 2732 or 2764 is used, 
a jumper wire is required from E2 to E3, and 
one from E4 to E5. The jumpers are required 
owing to these devices having different pins 
for the same signals. When a 2764 is used, a 
28-pin socket is required. The 2532 and 2732 
devices can use either a 24 or 28-pin socket. 
When a 28-pin socket is used, the 24-pin de- 
vice is inserted in the bottom set of holes (the 
top is pin 1), as shown on the component lo- 
cation diagram. 

Address decoding starts with the 
74L5138. Valid memory address (VMA) and 
the E clock are “ANDed’ through a 74LS00 
gate at pin 3 to provide a logic low signal 
VMA*E\. Address line A15 and VMA‘*E\ 
enables the 74L5138 to recognize Al4, A13 
and A12, which causes the appropriate out- 
put to go low when true. For example, when 
signals A15, Al4, A13 and A12 are all high, 
pin 7 (F000) goes low, enabling the EPROM. 

Address E000 from address decoder 
pin 9 is not used. The letters ‘N.C.’ in the cir- 
cuit diagram indicate ‘no connection’. 
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Address D000 from pin 10 enables the 
6840 PTM (programmable timer module). 
The PTM is designed to provide variable 
time intervals. It has three 16-bit binary 
counters, three corresponding control regis- 
ters, and a status register. These counters are 
under software control, and are used to gen- 
erate frequencies for the melodies, the 
alarm, and a 60-Hz frequency used to keep 
the clock going when on battery backup. 

Address C000 (pin 11) is not used. 

Address BO0O from 74LS138 (pin 12) is 
used to interrogate the switches inputting to 
the 74L5244-2, while address AQOO from 
pin 13 interrogates the switches inputting to 
the 74LS244-1. Switch interrogation occurs 
60 times a second (i.e., every 16.67 ms). The 
5.6-kQ resistors pull the inputs of both 
74L5244s logic high unless a_ particular 
switch pulls that input low. When the 
processor addresses a switch decoder, it 
reads the information supplied by the de- 
coder via data lines D7 through D0. The bit 
combination read back determines what 
happens. For instance, if switch Sa is in the 
CAL position, data line D1 instructs the 
processor to display the date. 

Address 9000 from 74LS138 pin 14 is 
used to determine which of the six display 
digits, the AM LED or the ACO solid-state 
relay (SSR) is to be selected. When pin 14 
goes low, it causes the data on the data bus 
(D7 through D0) to be latched into the 
74LS374-2 octal D-type flip-flop, and to ap- 
pear at its output. The ULN2001 is a high- 
voltage, high-current, Darlington transistor 
array. An alternative part, the ULN2003, 
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Fig. 1. Circuit diagram of the Kerber Klock. 
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KERBER KLOCK IV 
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GENERAL INTEREST 


may be used, provided the seven 1.2-kQ 
input resistors are replaced with #22 AWG 
solid wire. 

Address 8000 from 74L5138 pin 15 deter- 
mines which display segments including 
the decimal point (DP) are to be tuned on. A 
low level on pin 15 causes data to be latched 
into the 74LS374-1, and to appear at the out- 
puts. The 75491-1 and 75491-2 are quad L.ED 
segment drivers. The eight 4-watt resistors 
limit the current through the LED segments, 
thus determining the brightness level. Too 
large a resistor will make the displays dim, 
while too small a resistor could burn them 
out. 


Power supply 


The rectifier circuit is a full-wave bridge 
type using four IN4001 diodes to rectify the 
12.6-V a.c. secondary voltage of the mains 
transformer, A 2200-uF capacitor, C1, is 
used to smooth the rectified voltage, which 
is about 15 V dic. The rectified voltage is fed 
to the 5-V regulator, the loudspeaker driver, 
and the NiCd rechargeable batteries. The 
centre tap of the transformer provides a sec- 
ondary voltage, which is filtered by a an- 
other 2200-pF capacitor, C2. 

A 20-Q, 3-watt resistor is inserted in the 7805 
input voltage line to take some of the heat 
away from the regulator, and provide cur- 
rent limiting to trickle-charge the NiCd bat- 
teries. Diode 1N4001 (CRs) prevents battery 
current from flowing back through the 20-Q 
resistor on power failure. The V, voltage is 
backed up by NiCd batteries, On battery 
back-up, the displays will go dark, but the 
internal circuitry will keep track of the cor- 
rect time, so that when AC power returns, 
the correct time will be displayed. The V. 
voltage is not required upon loss of power. 


Features and functions 


The Kerber Klock has two display modes: 
12-hour (12:00:00) or 24-hour (00:00:00). 
Either option is selected by the switch 
marked 12 HR/24 HR. When in the 12-hour 
mode, an LED below the tens-of-hours digit 
will turn on, indicating the time is AM. 
Switching between 12 HR and 24 HR posi- 
tion changes the display instantly. 

The calendar is displayed for two sec- 
onds every ten seconds. The date is dis- 
played in the form MM:DD:YY, where MM 
is the month, DD is the day and YY is the 
year. The correct number of days is dis- 
played for any particular month. Leap year 
is calculated by dividing the year by four. If 
it divides evenly, 29 days are displayed for 
February, if not, 28 days are displayed. 

To disable displaying the date, turn the 
right-hand rotary switch to the CAL. posi- 
tion, and push the SNZ (snooze) button. 
When the rotary switch is turned back to 
RUN position, the date will not be dis- 
played. To return to displaying the date, re- 
peat the procedure. A reboot of the system 
will also cause the date to be displayed. 

The alarm is a true 24-hour alarm. When 


the clock time equals the preset alarm time, 
and the ALA switch is up, the alarm will 
sound, The alarm will sound for one minute 
unless it is terminated by putting the ALA 
switch down, or by pushing the SNZ button 
(which will turn the alarm off for 10 min- 
utes). The SNZ button may be pushed as 
many times as desired, until the alarm is dis- 
abled by the ALA switch. The alarm volume 
can be set by pushing the SNZ button with 
the ALA switch up. 

The AC outlet (ACO) on the right side of 
the case is an accessories outlet which can 
control small appliances rated up to 3 A 
(300 W) maximum. It can be used to turn off 
a radio and/or a light automatically after 
you go to sleep, and turn them on in the 
morning when the alarm comes on. There is 
a 99-hour and 59-minute counter which can 
be set in one-minute increments, The ACO 
is a down counter, and will stay on for the 
preset time period as long as the ACO 
switch is up. The ACO will turn on at the 
alarm time if the ACO and ALA switches 
are up. Putting the ALA switch down will 
turn off the alarm but not the ACO. 

The melodies are selected by combining 
the left-hand rotary switch, Sc, with the 
MEL SEL toggle switch. With MEL SEL in 
the up position (1-6), melodies one through 
six are selected by Sc. With MEL SEL in the 
down position (7-12), melodies seven 
through twelve are selected by Se. Any 
melody can be played on demand by push- 
ing the SNZ button with the ALA switch 
down. The standard version of the Kerber 
Klock IV is preprogrammed to play the fol- 
lowing melodies: 


1. Westminster Chimes 

2. London Bridge 

3. Somewhere My Love 

4. The Way We Were 

5. Love Me Tender 

6. Strangers In The Night 

7. More 

8. The High And The Mighty 
9. Misty 

10. Jingle Bells 

11. Oh! Susanna 

12. Everybody Loves Somebody 


Setting the time (CLK) 

Rotate the right-hand rotary switch (Sa) to 
the CLK position. This will freeze the clock 
time on the display (HH:MM:SS). Put the 
SEL DIG (select digit) toggle switch in the 
up position. A lit decimal point indicates the 
digit that is ready to be changed. Put the 
SET DIG (set digit) toggle switch in the up 
position. The digit with its decimal point lit 
will start to increment at a 2-Hz rate. 
Seconds will be reset to 00. Put the SET DIG 
switch down when the desired number is 
displayed. Put the SEL, DIG switch down 
and back up to move to the next digit. Set 
the desired number using SET DIG as done 
before. Do this for the other digits. 


Setting the calendar (CAL) 
Rotate switch Sa to the CAI. position. This 


will freeze the date on the display 
(MM:DD:YY). Put SEL DIG in the up posi- 
tion. A lit decimal point indicates the digit 
that is ready to be changed. Put the SET DIG 
(set digit) toggle switch in the up position. 
The digit with its decimal point lit will start 
to increase at a 2-Hz rate. Put the SET DIG 
switch down when the desired number is 
displayed. Put the SEL DIG switch down 
and back up to move to the next digit. Set 
the desired number using SET DIG as done 
before. Do this for the other digits, and ro- 
tate Sa to RUN position. Note that the time 
of day was not affected while setting the 
date. 


Setting the alarm (ALA) 

Rotate Sa to the ALA position. The proce- 
dure for setting the alarm time is the same as 
that for setting the time of day. If in the 12- 
hour mode, be sure the AM LED is on for 
AM alarm setting. Rotate Sa to RUN posi- 
tion after the alarm time is set correctly. 

To set the alarm, put the ALA switch in 
the up position. Note that the decimal point 
of the digit above the ALA switch will come 
on. This allows the user to tell, in the dark, 
that the alarm has been set. Set the ALA 
VOL as desired while pushing the SNZ but- 
ton. When the time of day is the same as the 
alarm setting, the alarm tone will sound for 
one minute unless the ALA switch is put 
down, or the SNZ button is pushed. The 
SNZ button turns the alarm tone off for 
10 minutes. 


Setting the AC outlet (ACO) 

Rotate Sa to ACO position. The procedure 
for setting the counter is the same as that for 
setting the time of day, except the hours can 
be set to 99. Putting the ACO switch up will 
turn on the SSR, which puts mains voltage 
on the AC outlet on the right side panel of 
the clock, and start the counter counting 
downward. When the ACO counter reaches 
00:00:00, the AC outlet will turn off, The dec- 
imal point above the ACO switch will be lit. 


Construction 


The construction of the clock is set out in 
great detail in the manual supplied by the 
Kerber Klock Ko, The manual also contains 
the component mounting plans of the two 
printed circuit boards, a detailed parts list, 
and a components source list. Prices of a 
number of items used to build the clock, as 
well as parts kits, EPROM listings, prepro- 
grammed EPROMs, etc., are indicated on 
the order form which you can obtain from 


Kerber Klock Kompany 
R. J. ‘Bob’ Kerber 

36117 Hillcrest Drive 
Eastlake, OH 44095 
U.S.A, 

Telephone (216) 946-3898 


Finally, make sure to state 50 Hz mains or 


Oe rn SE 


details. 
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ANALOGUE OPAMP INTEGRATOR 


CIRCUITS 


HOW THEY WORK, HOW TO DESIGN THEM AND WHAT MISTAKES 


NTEGRATION is the mathematical 

process of finding the area under a 
curve. While the mathematics of integra- 
lion are beyond the scope of this article, 
the underlying concept is not. If you want 
to find the area under a lime varying volt- 
age, then you might apply the mathemat- 
ics of integral calculus to arrive at a 
number. 

Alternatively, you might use an ana- 
logue integrator circuit. The same circuit 
can also be used to find the time average 
of a varying voltage. 

In Fig. | a time-varying voltage signal 
represents a pressure transducer output. In 
this particular case, the signal is the out- 
put of a human arterial blood pressure 
transducer used in medical electronics 
(any other example would also suffice). 
Notice that the pressure/voltage varies 
with ime from a low non-zero value (“di- 
astolic’) to a high peak value (‘systolic’) 
between times Tl and T2 (which repre- 
sents one cardiac cycle). If we want to 
know the mean arterial pressure (MAP), 
we would want to find the area under the 
curve. as shown by the formula in Fig. 1. 

Before discussing the circuit, let us 
first mention the math notation. The | 
symbol indicates that the integration 
process will be applied on the pressure 
signal, P, over the time interval T1 to T2. 
The ‘df indicates that the integration 
takes place with respect to time. The mean 
arterial pressure over the T2-T] interval, 
also denoted by P-bar, is the integral of 
the voltage signal representing the pres- 
sure. From this illustration we can see that 
the integrator serves to find the time-aver- 
uge ‘mean’ value of an analogue voltage 
waveform — it does not have to be a 
blood pressure signal. 


Passive R-C integrator cir- 
cuits 


Perhaps the simplest form of integrator 
and differentiator circuits are made from 
simple resistor (R) and capacitor (C) ele- 
ments, as shown in Fig. 2. You may rec- 
ognize this circuit as a passive low-pass 
filter. The R-C low-pass filter (integrator) 


ARE MADE 


By Joseph J. Carr 


The operation of the integrator is de- 
pendent upon the time constant of the R-C 
network (1.e. RXC). In most cases, we 
want the integrator time constant to be 
long (i.e., >10x) compared with the period 
of the signal being integrated. We can cas- 
cade scveral integrators in order to en- 
hance the effect, and also increase the 
slope of the frequency response fall-off, 


PRESSURE 


although only at the expense of severe 
signal amplitude loss, 


Active op-amp integrator 
circuits 


The operational amplifier makes it a lot 
easier to build active integrator circuits. 
Fig. 3 shows the standard operational am- 


Heart beats 


— —— SYSTOLIC (Ps) 


— — —-— DIASTOLIC (Pd) 


1 
T2-T 
Clinical approximation: 
P; — Pg 
3 


72 
MAP =P = [pas 
ia | 


P=Py+ 


Fig. 1. Blood pressure vs. time curve. P is a time varying voltage from a pressure transducer. 
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GENERAL INTEREST 


920086-12 


Fig. 2. Passive resistor-capacitor (R-C) inte- 
grator circuit. 


plifier version of the Miller integrator cir- 
cuit, An IC operational amplifier is the ac- 
tive clement; a resistor is in series with 
the inverting input and a capacitor is in 
the feedback loop. The output voltage of 
ihe integrator circuit is dependent upon 
the input signal amplitude and the R-C 
time constant. The transfer equation for 
the Miller integrator is: 


a ae 
Ua 10; d?+ K (1) 


Where: 

U, and Uj, are in the same units (volts, 
millivolts, etc.); 

R is in ohms (2); 

C is tn farads (F): 

tis in seconds (s): 

K is a constant in volts (same units as U%, 
and U;,). 


The expression of Eq. [1] is a way of say- 
ing that the output voltage ts equal to the 
time-average of the input signal, plus 
some constant K which is the yoltage that 
may have been stored in the capacitor 
from some previous operation (often 
zero). Alternatively, K may represent an 
offset error voltage in either the input sig- 
nal or the operational amplifier itself — 
and therein is found a problem with text- 
book integrator circuits. 


oa 
Uo=Ze [Vind +K 
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R.=R1 // R2 
J Und 
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Vo= Ri R2 


Ai = CA3140 
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Fig. 4. Practical Miller opamp integrator circuit. 


Practical Miller integrator 
circuits 


The circuit shown in Fig. 3 is classic, and 
appears in textbooks and magazine arti- 
cles. Unfortunately, it also does not work 
very well (or at all in some cases) because 
of the offset voltage problem (a demon 
K!). These circuits are too simplistic be- 
cause they depend upon ideal input sig- 
nals that are symmetrical about zero volts, 
and the properties of ‘ideal’ operational 
amplifiers. Unfortunately. the real kind- 
you-can-go-buy opamps fall far short of 
the ideal device that was in the mind of 
the textbook writer. In real circuits we 
find that integrators saturate very shortly 
after turn-on. 

The problem with the opamp integra- 
tors was driven home to me when | 
worked in a medical school/hospital bio- 
electronics lab, and had to build an elec- 
tronic integrator for one of the customers 
of our electronics laboratory. When I used 
a Type 741 operational amplifier, the out- 
put voltage saturated within milliseconds 
after turn-on. In fact, saturation came so 
fast that [ initially thought the opamps 
were bad. The problem was that the input 
bias currents of the opamp (which are zero 
in ideal devices) create a high enough out- 
put voltage to fully charge the capacitor in 
the feedback loop very rapidly. 

There is another problem with this kind 
of circuit, and it magnifies the problem of 
saturation. This circuit has a very high 
gain with certain values of R and C. Let us 


can mean. The voltage gain (A,) of this 
circuit is given by the term —I/RC (') so 
what is the gain with a 0.01-UF capacitor 
(certainly not a ‘large’ capacitor in con- 
ventional wisdom) and a 10,000-ohm re- 
sistor (note: 0.01-UWF is 10 ® farads)? The 
gain is calculated as follows: 


Ay =-I/RC 

Ay = —1/(104 ohms)( 10-* farads) 
A, =-1/10~4 

A, = —104 = —10,000 


With a gain of —10,000, a +1-volt DC sig- 
nal applied to the input will try to produce 
a —10,000 volt output. Unfortunately, the 
operational amplifier’s negative output 
potential is limited to a range of —5 to —20 
volts, depending upon the device selected 
and the applied V— power supply voltage. 
For this case, the operational amplifier 
will slew to saturation very rapidly! If we 
want to keep the output voltage from satu- 
rating, then we must either keep the R-C 
time constant under control, or prevent the 
input signal from rising too high (not 
good!). If the maximum output voltage al- 
lowable is LO V, then the maximum input 
signal is 10 YV/10,000, or 1 mV. 
Obviously, the best solution is to keep the 
R-C time constant within bounds. 

When I built my first analogue integra- 
tor, and found that 741 devices were not 
suitable, | turned to high-cost premium 
grade opamp devices. At that time, a pre- 
mium 725 device cost $15, and it suffered 


the_same_problems_as_the 741. Theonly 


Fig. 3. Miller opamp integrator circuit. 


pick an example and see what this gain 


difference between the $15 premium 
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opamp and the $0.50 741 device is that on 
the $15 opamp the output saturated slowly 
enough for me to watch it on an oscillo- 
scope or voltmeter — about four seconds 
— instead of nearly instantaneously. 
Unfortunately, this was sull not accept- 
able. 

Applying a waveform to the input of 
even the premium op-amp integrator al- 
lowed me to see the output waveform rise 
up the screen of the oscilloscope and dis- 
appear off the top of the screen! 


How to solve the problem 


Fortunately, there are some practical de- 
sign tactics that will allow us to keep the 
integration capability, while getting rid of 
the problems. A practical integrator is 
shown in Fig. 4. The heart of this circuit is 
a BiMOS operational amplitier, Type 
CA3140, or its equivalent BiFET type 
(the CA3130 or CA3160 will also work; 
Type CA3240 is a dual CA3140 with the 
same pin-outs as an LM1458). The reason 
that this device works so well is that it has 
a low input bias current (having a MOS- 
FET input circuit with a 1.5x10!?-Q input 
impedance). When | tested close to a 
dozen different opamps for the circuit the 
CA3140, which cost only about two dol- 
lars, they out-performed devices costing 
ten times as much. 

Capacitor Ci and resistor R1 in Fig. 4 
form the integration elements, and are 
used in the transfer equation. Resistor R2 


Notes (tech. ed.}: 


ANALOGUE OPAMP INTEGRATOR CIRCUITS 


is used both to discharge C1 to prevent DC 
offsets from cither the input signal or the 
opamp itself from saturating the device; 
its value should be 10 to 20 MQ. Resistor 
R2 also limits the gain at low frequencies. 
The “RESET” switch is used to set the ca- 
pacitor voltage back to zero (to prevent a 
‘K’ factor offset) before the circuit is 
used. In some measurement applications, 
the circuit initializes by closing S1 (or a 
relay equivalent) momentarily. 

Because of R2 in the circuit we must 
place a constraint on the transfer equation: 
the equation is valid only for frequencies 
greater than or equal to F in Eq. [1]: 


6 
2TR, € 
Where: 
F is the cut-off frequency in hertz (Hz): 
R2 is in ohms (Q): 
C is in microfarads (UF). 


There is a compensation resistor, Re, be- 
tween the non-inverting input of the oper- 
ational amplifier and ground. This resistor 
cancels the effects of input bias current 
and improves thermal drift performance 
(*). It has a value equal to the parallel 
combination of Rt and R2: 

| +R, 


There may still be a minor drift problem, 


so potentiometer P! is sometimes added to 
the circuit to cancel it. This component 
adds a small countercurrent to the invert- 
ing input through resistor Rs. To adjust 
this circuit, set Pi initially to mid-range. 
The potentiometer is adjusted by shorting 
the Vj, input to ground (or setting Vj, = 
Q), and then measuring the output voltage. 
Press S1 to discharge C1, and note the out- 
put voltage should go to zero and stay 
there. If it does not, then turn Pt in the di- 
rection that counters the change of V, 
after each time S1 is pressed. Keep press- 
ing Si and then making small changes in 
Pi until you find that the output voltage 
stays very nearly zero, and remains con- 
stant, after Si is pressed (there will be 
some long-term drift normally). 

If drift becomes important, and the output 
voltage range can be limited to less than 
+5 V, it is possible to make the CA3140 
operate in a low-noise mode. Remember 
to use the 8-pin metal can package type, 
rather than the more common_ 8-pin 
miniDIP, and place a expandable heatsink 
(the kind made for TO-5 metal transistor 
packages) on it. Limit the DC power sup- 
plies to +5 V. 


Conclusion 


The Miller integrator circuit is based on 
the operational amplifier. With proper se- 
lection of the opamp, and a couple circuit 
precautions, the Miller integrator will 
work well in signals processing circuits. 


[. Strictly speaking, the gain ts given by the term —1/@RC, where @=2af. However. since we are dealing with near-DC signals here, «@ will be very small. which al- 


lows the simpler term to be used with impunity. 


2. If the signal source ts AC-coupled: fj, of the CA3140 is about SO pA, so that an offset of 0.5 mV is introduced with R,=l0MQ., This offset, in turn, causes a noise 


voltage of about 400n V/V Hz. 


SATMASTER SOFTWARE AIDS 
SATELLITE TV RECEPTION 


SATMASTER from Swift Television Publications is a software pack- 
age aimed at all those with an interest in setting up satellite TV recep- 
tion equipment. Written to run on MSDOS PCs, SATMASTER 
provides comprehensive information on setting up the dish antenna, as 
well as on the expected signal quality, which is computed on the basis 
of the well-known ‘downlink budget’. All parameters that go into setting 
up the downlink budget are entered into the program at very high accu- 
racy via pull-down menus. SATMASTER uses parameters like satellite 
transmit power, dish diameter, LNB noise temperature, dish type and 
efficiency, receiver position on earth, receiver bandwidth, and many 
more, to provide the user with a signal quality indication in the form of 
a signal-to-notse ratio. Also, dish positioning info is provided. 

The program is very simple to set up. The default parameter entries 


and datafile contents presented by the program are very acceptable in 
most cases, which should remove some of the fears of beginners confronted with questions they can not answer without a deep 

knowledge of satellite TV reception technology. As such, SATMASTER is equally suitable for the TV professional and the enthu- 
siast. The program caters for all possible needs, right from installation of motorized systems to a printout of a full downlink budget 
analysis of any satellite at any location in the world. 


The SATMASTER ee and ee manual are av ailable from Swift Television Publications. The ods is £35, 


Calculate Exit] 
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AUDIO-VIDEO PROCESSOR 
TYPE AVP30OO — PART 4 


HE audio-video processor is constructed 
on four printed circuit boards: potmeter 
oard, measuring 314.5x159.5 mm (Fig. 9), 


mother board, measuring 330x198 mm (Fig. 10), 
intermediate board, 232x198 mm and the 
switches board, 145x35 mm (both in Fig. 11). 


There are no special comments regarding 


the components, but the following points 
should be borne in mind. 


e 


All ceramic capacitors, the four SCART 
connectors, the tenshift potmeters and the 
four push-button switches must be mounted 
as close to the board as possible. 

The 15 LEDs must be mounted so that 
their tops protrude 23 mm through the 
board. 

Soldering pins ST393 and ST394 and head- 
ers STL. A' and STL B' must be soldered 
at the track side of the intermediate board. 
If the pins of the headers just do not pro- 
trude through the board, there isjustenough 
room to solder them, 

The mains transformer must be fastened 
with four M4x6 nuts and bolts before its 
connections are soldered. 

Voltage regulators IC5; and IC5y2 must 
be fitted to a common heat sink, which is 
then fitted lying down on to the board. 
Here again, bolt the heat sink down be- 
fore soldering any connections. 


O tins 


oe 


nly 


RP 


An ELV design 


¢ Resistor Rgog is normally a wire link. In 
some cases, however, it may be required 
to keep the regulating speed of the phase- 
locked loop (PLL) to which Rg belongs 
down. This is so if, for instance, the pro- 
cessor is used purely as a multi-standard 
decoder. In that case, Rg2g Should be 820 kQ. 
If the processor is used in conjunction 
witha video recorder, it is advisable, how- 
ever, to use the higher speed of the PLL. 

* The terminal wires of all components should 
be cut as short as feasible. 

¢ Ina number of locations, the MKT capac- 
itors are very close together; take care that 
the non-insulated ends of these compo- 
nents do not touch each other. 


The mother board of the audio-video pro- 
cessor built in the Elektor Electronics labora- 
tory was found to have no earth connections 
for anumber of components since it had been 
forgotten to drill the relevant holes. This de- 
ficiency is casily overcome by scratching 
away the solder mask in these locations and 
solder the relevant component terminal di- 
rectly to the earth plane at the component side 
of the board. 

Whenall components have been mounted 
and soldered, check carefully that there areno 
bits of solder across tracks. 


ie 


“ 


The size of a metric bolt or screw is de- 
fined by the letter M followed by a num- 
ber corresponding to the overall diameter 
of the thread in mm, the x sign and the | 
length of the bolt or screw, also in mm. For 
instance, an M4x6 bolt has a thread diam- | 
eter of 4mmand a length of6 mm, Theover- | 
all diameter of the thread in the BA sizes 
is: 0 BA = 6.12: mm; 2: BA = 4.78 mm; 
4 BA = 3.68 mm; 6 BA = 2.85. mm; 
8 BA = 2.25 mm. 


Wiring 


Wiring isin many instances perhaps the wrong 
word: often two boards are soldered together 
without any wires. For instance, the switches 
board is pushed upright over the SCART 
connectors into the recesses in the mother 
board. Corresponding tracks of the two boards 
are then simply soldered together. [t is ad- 
visable to start by connecting the outer two 
tracks first in such a way that the switches 
board sticks out about 1.5 mm over the mother 
board. 

Acable containing three individually screened 
wires should be used to connect terminals 
W, Band G on the mother and switches boards. 
The three screens should be soldered to sol- 
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Fig. 5. Component layout of the potmeter board. 
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der pin A, On the switches board, connect 
the wires directly to the relevant terminals 
of switch Say]. 

The boards are interconnected by lengths 
of flatcable between terminals points A-F as 
shown below. 


A 5em long, 13-way; 2 connectors. 
B 5cm long, 16-way; 2 connectors. 
C,D 10cm long, 13-way; 1 connector. 
E 10cm long, 17-way; 1 connector. 
F 10cm long, 14-way; 1 connector. 


The six lengths can be made from a 25 cm 


COMPONENTS LIST 
Potmeter board 


Resistors: 

R101, R240, R505 = 560 Q 

R11 = 10 kQ preset 

R116, R117, R122, R126, R130,,A131 = 
10 kQ shift potmeter, mono, linear 

R119 = 100 kQ 

A120 = 27 kO 

R121 = 68 kQ 

R123 = 820 kQ 

R124 = 220 kQ 

R125 = 680 kQ 

R127 = 180 kQ 

R128 = 15 kQ 

R129, R230 = 56 kQ 

R229, R432-R435, R466, R467 = 47.kQ 

R231 = 100.2 

R232 = 10 kQ 

R241, R242 = 1.2 kQ 

R262-R264, R418, R419, R453, R454 = 
1kQ 

R415, R430, A431 = 47 kQ, shift pot 
meter, stereo, linear 

A416, R451 = 1 MQ 

R417, R452:= 100 kQ 

R438 = 47 kQ shift potmeter, mono, 
linear. 

R439-R444, R456, R457 = 47 kQ bilisett 

R503, R504 = 100 kQ 


Capacitors: 

C142, C506, C508, C509, C513 = ne 
100 nF, ceramic 

C143-C146, C221 = 2.2 pF, 16 vo 

C415, C447, C502 = 10 nF 

C416, C448 = 100 nF 

C427-C430, C503 = 1 WF, 16 V 


Semiconductors: 
D101-D104, D201~D204, D207, D208, 
D401-D404, D505 = LED, 5 mm, red 
D205, D206 = 1N4148 
IC 102, IC503 = 4049 
10202 = 4040 
1C203 = 4011 ae 
1C403, 1G407 = 4001. 
1C408 = 4053 4.4 


Miscellaneous 


TA201, TA401, TA402, TASO1 = oust 
‘button switch 
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long, 32-way piece of flatcable: they are eas- 
ily separated with a pair of scissors. Four of 
the ‘cables’ are terminated into a connector 
at only one end; their free ends should be 
soldered to the track side of the potmeter 
board. The connectors are press-on types 
that can be fitted to the ‘cables’ by clamping 
them on to the cable in a vise. 

The connections ST993-ST 33 and ST y4y-ST 34 
canbe made with lengths of circuit wire about 
35mm long. Thisis best done when the boards 
are already interconnected by flatcable and 
the intermediate board is ‘hinged’ upwards 
as shown in Fig. 12, 


Initial tests 


Figure 12 shows the preferred positioning of 
the boards for the first test and adjustments. 
Flatcables E and F cannot yet be connected. 
Make sure that that the ‘hinged upwards’ 
intermediate buard cannot touch the switches 
board. 

When the power is switched on, the rele- 
vant LED should light. With a voltmeter, 
check the output voltage of the voltage reg- 
ulator: negative to heat sink and positive to 
the pin furthest away from the transformer. 
If the measured voltage differs more than 
5‘ from the specified one, there is a fault some- 
where, which must be rectified before fur- 
ther work can be done. 

Next, replace the mains fuse by an ammeter 
set to the 1 A a.c. range. With power on, the 
meter should read 600-800 mA. If the cur- 
rent is appreciably higher, check the correct 
operation of Ty}. 

Correct reaction of the LEDs to the elec- 
tronic switches indicates that the control sig- 
nals to these switches are all right. The LEDs 
that indicate the video standard behave like 
arunning light: as long as no standard is rec- 
ognized, the decoder continues scanning. 


Adjustment 


Although no special test equipment is re- 
quired if operation on only one television stan- 
dard is required (the test card received on a 
TV receiver or video recorder is then suffi- 
cient), a test pattern generator is required 
for multi-standard operation. This genera- 
tor should provide PAL, SECAM and NTSC 
3.58 MHz signals. NTSC 4.43 MHz requires 
no adjustment, since that is included in the 
PAL calibration. 

Connect a TV receiver with video input, 
or, preferably, RGB inputs, to one of the out- 
puts of the audio-video processor and apply 
the test signal to one of the inputs, but not to 
an S-VHS one. 

Set all potmeters in the video section on 
the potmeter board to the centre of their travel. 

Set the switch at the extreme lett of the 
switches board (RGB out) in accordance with 
the input of the used TY receiver (lett — RGB; 
right = C VBS). Set the other switches, start- 
ing with the one adjacent to the RGB out 
switch as follows: right, left, right, right, left. 

If all is well, the receiver should show 
some sort of test pattern. Adjust Rgi¢ (linesyn- 
chronization) until the picture is stable and 


then set it to the centre of the range over 
which stability is obtained. The edges of the 
picture are determined by the flyback pulse. 
Adjust the width of this pulse with R,9, until 
the picture is centred on the sereen. If you have 
an oscilloscope, this pulse may be measured 
at pin 6 of ICgip: ideally, it should be 12 Us, 
At the same time, check the shape of the 
sandcastle pulse at pin 7 of ICgqy. 

If all is well, the screen should now show 
a good black-and-white picture; if not, there 
is a fault that must be rectified before further 
work can be done. 

The chroma filter is best calibrated with a 
SECAM signal (4.286 MHz), because its Q fac- 
tor is then optimum. Connect pin 27 of [Cjqy 
to the +12 V line (which sets the decoder to 
SECAM) and apply a SECAM signal to one 
of the inputs. Adjust L292 for optimum colour 
reproduction (if a monitor with a composite 
video input is used, adjust Lao? for optimum 
quality). If an oscilloscope is available, ad- 
just Loq2 for minimum amplitude of the sig- 
nal at pin 15 of ICj9). If only a PAL signal is 
available, connect pin 28 of [Cjq) to the +12 V 
line and carry out the procedure as described. 

Continuing with the SECAM signal, ad- 
just Ljg, until the red and blue in the picture 
have the same brightness. Then adjust the 
receiver for a black-and-white picture and 
set the grey of the picture as desired with R jy3. 

If an oscilloscope is available, adjust Lyqy 
until the level of the black signal at pin 3 of 
IC jo; is the same as that of the syne signal. 
Lastly, adjust Ryg2 until the level of the black 
signal at pin 1 of ICjy) is the same as that of 
the syne signal. 

Remove the +12 V line from pin 27 of ICyqy 
and connect it to pin 28 of this IC. Also, strap 
ST jy; to STyg2. Connect an oscilloscope to 
pin | or pin 3 of ICya4, apply a PAL signal to 
one of the inputs (not S-VHS), and adjust 
Cig until the drifting of the colours is a min- 
imum. 

Then, replace the PAL signal by an NTSC 
3.58 MHz (also called NTSC /M) signal, shift 
the +12 V line from pin 27 to pin 26 of ICjq; 
and adjust C))7 until the drifting of the colours 
isa minimum. 

If an RGB receiver or monitor is used, the 
screen should now show a faultless colour pic- 
ture. If a CVBS signal had to be used, this 
may not be so, because the encoder has not 
yet been calibrated. 

Remove the link between ST); and ST jg 
and the +12 V line from pin 26 of ICyqi, and 
set the RGB out switch to CVBS. Apply a 
PAL signal to one of the inputs and set Cai, 
to the centre of the range over which the pic- 
ture is in colour. Then, set the 4.43 3.58 MHz 
switch to 3.58 MHz, apply an NTSC/M sig- 
nal to one of the inputs and set C3,4 to the 
centre of the range over which the picture is 
in colour. Note that the band filters in the 
encoder have already been calibrated dur- 
ing manufacture. 

Finally, adjust Lay3 and Lg4 (band-stop 
filters) for minimum cross-luminance inter- 
ference. Ifan oscilloscope is available, connect 
it across Ragg and adjust these inductors until 
the residue of the colour subcarrier on the 
luminance signal is a minimum. 


50| RADIO, TELEVISION AND COMMUNICATIONS 


auag3 


‘ST203 


205 


ie 


Ea (Eze 
srior] cys? . 1B 
“eae Ae e122 


06.000 


el EX ie) 


AF ee Ea Gay a8 Oa 
ty est BD, 228 eeeogo 
fefrcas0 aca] 


L. 
fol - - Te) 


0e@eo00 


o@e 60 


Fig. 11. Component layout of the switches board (left) and intermediate board. 
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Assembly 


Commence with assembling the upper part 
of the enclosure, the front panel and the pot- 


AUDIO-VIDEO PROCESSOR TYPE A¥P300— PART 4 


meter board. Make sure that no parts of the 
enclosure touch any components on the board. 
Fasten the board to the upper half of the case 
with six self-tapping screws. Next, fit two 


Mé4 bolts in the appropriate holes in the front 
of the enclosure; do not tighten these too 
much. Finally, fasten the front panel to the 
board with seven insulated screws and one 


COMPONENTS LIST 
Mother board 


Resistors: 

R103 = 680 Q 

R104, R220, R223, R259, R501 = 4.7 kQ 

R105, R106, R219, R224, R256, R261, 
R308, R333, A334; R338—-R340, R425, 
R601, R613, R615, R617—R620, R622 
*10kQ 

R107, R110 =3.3 kQ 

R108, R210, R213, R301 = 18 kQ 

R109, R243 = 6.8 kQ 

R112 =1 MQ 

R113-R115, A201-R205,; R239, R247, 
R305, R313, R317-R320 = 75 Q 

R118; R255, R610 = 1.2 kQ 

R132, R257, R322, R323, R328, R329, 
R331, R332, R335-R337, R344, R612 
=1kQ 

R207, R208, R211, R212, R214, R215, 
R251, R324, R326, R345 = 47 kQ 

R209, R216, R260, R605 = 270 Q 

R217, R218 = 39 kQ 

R221, R222 = 330.2 

R225-R228, R233, R234, R244, R248, 
R253 = 22 kQ 

R235; R237, R254; R502 = 270 O 

R236, R606 = 2.7 kQ 

R245, R246, R249, R250, R302 = 56 kQ 

R252, R330 = 27 kQ 

R258, R307, R311, R325, R327, R346, 
R347 = 15kQ 

R303, R304, R309, R312 = 220 2 

R306 = 47 Q 

R310; R625 = 8.2: kQ 

R314—R316, R341-R343 = 1.8 kQ 

R424, R611 = 100 kQ 

R602 = 1.5 kQ 

R603 = 820.2 

R604 = 150.2 

R607 = 2.2 MQ 

R608 =1.5 MQ 

R609, R623 = 3.9 kQ 

R614 = 82 kQ 

R624 = 470 kQ 

R626 = 820 kQ 

R102 = 470 Q preset 

R616, R621 = 25 kQ preset: 


Capacitors: 

C101, C147-C149, C234, C314, C504, 
C507, C510, C512, C514, 0515, C518, 
C613 = 100 nF, ceramic 

C102, C106 = 15 pF 

€103-C105, C212, C213, C227; C302 

C107; C108, C122, C138, C307-C309, 
C324-C328, C614= 100 nF 

C109, C110, C220 = 220 pF 

C111, C112, C123, C607 =10 nF 

C113,,C121, 0126, C127, C134 = 330 nF 

0114, C115, C128-C133, C136, C137, 
C139,C141=22nF 


G116, C117; C316, C319 = 2-40 pF 
trimmer 

C118, C119, C202, C207-C209, C304, 
C610, C612 = 1-nF 

C120 = 47 nF 

C124, C301, C306, 6317, C322, C323; 
C505, C511 =10 uF, 16 V 

C125 = 22 nF, ceramic 

C135, C222-C226, C230 = 22 nF, 16 V 

C140, C606 :=4.7 uF, 16 V 

C201, C203—-C205, C601 = 47 nF, 16 V 


- C210 = 2.2 pF 


C211, C320 = 33 pF 

C228 = 68 pF 

C229 = 120: pF 

C231 =2.2 iF, 16 V 

C303, C310-C313 = 470 uF, 16 V 
C315, C318 = 10 pF 

C321, C517 = 100 nF, 16 V 
C329, C604 = 100 pF 
C501 = 2200 uF, 40 V 
C602 = 470 nF 

C603, C608 = 220. nF 
C605: = 680 nF 

C609 = 3.9 nF 

C611 = 8.2 nF 


Semiconductors: 

D209-D217 = 1N4148 

D501-—D504, D506-D509 = 1N4001 

ZD501 = zener, 5.6 V, 400 mW 

ZD502 = zener. 6.8 V, 400 mW 

1501 = BC327 

T201-T212, T302-T304, T307, T308, 
7401, T601 = BC548 

1301, T7305, T306 = BC558 

1C101 = TDA4650 

IC103 = TDA4660 

10104°= TDA3505 

16201, [C404 = 4052 

1C301 = TPE1378A 

IC302 = 4053 

1C501 = 7812 

1C502 = 7805 

1C601 = TDA1180P 

IC602, IC603 = 4528 

IC604 = 4070 


Miscellaneous: 

L101, L202-L204 = 10 uH 
L201=51pH 

Q101 = crystal 8.85724 MHz 


--Q102 = orystal 7.15909 MHz 


Q301 = crystal 4.43 MHz 

Q302 = crystal 3.58 MHz 

BFP301 = 3.58 MHz band-pass filter 
BFP302 = 4.43 MHz band-pass filter 
VZ101 = 330 ns delay line 

VZ301 = 180 ns delay line 


- BU201, BU202 = SCART socket for PCB 


- mounting 
BU203 = S-VHS socket 
BU204 = BNG socket 
BU402-BU405 = audio socket 
$1501 = fuse holder and 800 mA fuse 


STL:A, STL’C, STL D.= 13-way header for 
PCB mounting 

STL1, STL B = 16-way header for PCB 
mounting 

Mains transformer 240 V to 15 V, 12 VA, 
with integral mains cable 

Fiatcable and connectors (see text) 

Heat sinks (2) for 1C501 and IC502 


Intermediate board 


Resistors: 

R206 =75.Q 

R321 = 822 

R401—R403, R408-R410 = 47 kQ 

R404, R414 = 3.3 kQ 

R405, R412:= 100 kQ 

R406, R413 = 12 kQ 

R407, R414, R427, R428, R443-R445, 
R447—-R449 = 10 kQ 

R420-R423, R436, R437, R458, R459 
=10 kQ 

R442 = 2.2 kQ 

R446, R450 = 47. kQ 

R460, R461 = 56 kQ 

R462, R463, R468, R469 = 470 kQ 

R464, R465 = 120 Q 


Capacitors: 

C206 = 47 wF, 16.V 

C401, C404; C407, C408, C411, C414, 
C454, C455 = 1 uF, 16 V 

C402, C406, C409, C413 = 100 pF 

C403; C410, C449-C453, C458, C459 
=10 LF, 16 V 

C405, C412,-C456, C457 = 22 pF 

C431,C432=2.2 uF, 16V 

C433, C434; C437, C438 = 56 nF 

C435, C436 = 15 nF 


(C439 = 100 uF, 16 V 


C440, C516 = 100 nF, ceramic 
0441, C442 = 4.7 uF, 16 V 
C443-C446 = 100 nF 


Semiconductors: 
BU205 = 8-way DIN socket 
BU301, BU302 = SCART socket for PCB 
mounting 
BU303 = S-VHS socket 
BU401, BU410'= 3.5mm stereo 
jack socket 
BU406-—BU409 = audio socket 
STL A’ = 13-way header for PCB mounting 
STL B' = 16-way: header for PCB mounting 
STL E' = 17-way header for PCB mounting 
STL F = 14-way header for PCB mounting 


Switches board 


Resistors: 
R238 = 82 2 


Miscellaneous: 
$201, $202, $301-S304 = slide switch, 
1 change-over contact 
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metal one (for earth connection). If the board 
bends even slightly, the M4 bolts are too 
tight. 

Fit the intermediate board to the mother 
board with four bolts and spacers. Fit an 
M4x30 bolt and a 25 mm spacer to the centre 
front of the mother board; an M4x35 bolt 
and 30 mm spacer to the centre right of this 
board;and two M4x40 bolts and 35mm spacers 
right at the back of the board. The remaining 
holes in the board can be ignored here: they 
are intended for a possible extension con- 
nected to STL}. Fit the BNC socket to the 
back panel and connect this to ST99; and 
STo02 (earth) via two short lengths of circuit 
wire. 

Invert the enclosure so that its top rests 
on the workbench and insert a centring rod 
into each of the four fixing holes at the cor- 
ners of the underside. Fit the assembled mother 
board, intermediate board and rear panel to 
the bottom of the enclosure with M5 bolts, 
nuts, washers and 60 mmand 15 mm spacers 
(as appropriate)—scee Fig. 13. As soon as the 
length of the flateables allows, connect them 
to the relevant board. 

Next, fit the front panel—after removing, 
the ring nuts from the jack sockets. When 
the front panel is seated firmly, fasten the 
ring nuts back on to the sockets, Then, fit the 
knobs to the potentiometers. 

Finally, fasten the bottom of the enclosure 
on to the four M5 bolts with suitable wash- 
ers and nuts, and fit four anti-slip feet. 1 


Fig. 12. With the prints hinged away from each other, all calibration points are easily 


accessible. 


Fig. 13. The completed audio-video processor less front panel and most of the enclosure. 
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CURRENT-SENSE POWER MOSFETS 


by J. Ruiters 


| Measuring a current without affecting the circuit in which that current is flowing is an ideal test 
method. Current-sense power MOSFETs are available nowadays that, with the aid of additional 
internal connections and output pins, enable that ideal to be approached. In these devices, a 
separate circuit is created in which a small current flows that is directly proportional to the 
much larger current flowing through the FET proper. 


OWER FETs are typified by the 

drain current flowing more or 
less vertically through the chip as 
may be seen in Fig. |. Strictly speak~- 
ing. this drawing shows two par- 
allel-connected transistors; but for 
clarity’s sake only the area round 
the gate is shown. In that area are 
the actual drain and source con- 
nections, which are relatively large 
lo ensure good conduction of the 
current to and from the transistor. 

If the chip is composed of pure, 
doped silicon, the drain current 
divides equally to the two transis- 
tors. But even when the purity is 
not quite 100%, the current di- 
vides into two reasonably equal 
parts. This property is used in the 
construction of power FETs by 
connecting not two, but hundreds 
of transistors In parallel. How that 
is done in HEXFETs is shown in 
Fig. 4. The entire underside of the 
resulting chip forms the drain. The 
borders between the individual tran- 
sistors form the hexagonal gate, 
whichis insulated by silica (silicon 
oxide, SiOx). The top of the chip 
is covered with aluminium that 
forms the source. Some power FETs 
have a square instead of a hexag- 
onal gate. 

The structure of the chip in Fig. 2 
(whose electrical equivalentis given 
in Fig. 3) shows that the construc- 
tion causes several undesired by- 
products. One of these is capaci- 
tance Cy,, whose value is fairly 
large: in current types of the order 
of | nF or more. Another one is a 
parasitic diode, Dgy, between drain 
and source, which, strictly speak- 
ing, IS an N-p-n transistor whose 
base-emitter junction is short-cir- 
cuited by the aluminium of the 
source. The diode consists of the 
same areas as the FET channel, so 
that Za¢maxy aNd VYsmaxy APPly to 
it. That is, a power FET has an in- 
tegral free-wheeling diode, which 
isadvantageous in the switching of 
inductive loads. In some types, 
the doping of the silicon is adapted 
io making the diode a fast recov- 
ery type: the resulting transistor is 


SUBSTRATE 


Fig. 3. Equivalent circuit diagram of power MOSFET. 
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92008312 


a FREDFET. 


FET with current sensor 


Since, as stated earlicr, the current 
through the power FET divides 
into equal parts through the indi- 
vidual transistors, each of these 
tiny parts is a measure of the total 
current. How that property can be 
used in practice 1s shown in Fig. 5: 
a number of the individual tran- 
sistors are given a separate source 
connection, which is brought out 
via current-sense pin C, This is ac- 
complished by isolating a section 
of the aluminium layer from the rest, 
resulting in, effectively, two power 
FETs on one chip—see Fig. 6. The 
ratio of the drain current current 
to the sense current Is, therefore, 
determined by the ratio of the num- 
ber of transistors that provides the 
sense current and that which pro- 
vides the source current. Of course, 
in practice this may not be entirely 
true owing to (tiny) unevenesses, 
bul, as long as the ratio is large, 
the resulling error is very small. 
To measure the drain current by 
means of the C-pin, it is important 
that that pin has the same poten- 
tial as the source pin. Since that is 
not so with an external source con- 
nection (and certainly not when the 
current Is large), there is an inter- 
nal link that is brought out via the 
so-called Kelvin-source pin(K-pin). 
A suitable circuit for measuring 
the current which ensures that the 
C-pin is held at source potential ts 
shown in Fig. 9. Since the + input 
of opamp A, is connected to the 
source of the FET via the K pin, 
the inverting input will be at vir- 
tualiy the same potential. Moreover, 
A> is a current/voltage amplifier, 
so that the measured current is con- 
verted into a voltage (because most 
applications depend on a voltage 
that is proportional to the mea- 
sured current). The circuit also has 
some drawbacks: it requires two 
power sources and the output volt- 
age 1s negative. 
It is also possible to sim- 


COMPONENTS 


ply convert the measured current into a volt- 
age with the aid of a resistor as shown in Fig. 7. 
The equivalent circuit of this setup is shown 
in Fig. 8. There are three possible situations: 


Ri<<Rygscone? 
R=Rasonres 
R>>Rgsion Wee 


The situation when Ry=Ragionje 1S disad- 
vantageous, because the effect of the tem- 
perature on the division of current between 
the sense branch and the power branch will 
then be optimally expressed in voltage U'. 

Bestresults are achieved when R;, is at least 
10 times smaller than Ragonje- This has the 
slight drawback that U; is also smaller, but 
that can easily be rectified with a small am- 
plifier. [f an opamp is used whose output 
can be driven to earth potential. only one power 
source will suffice. 

When R; is large, the voltage across the 
power section, rather than that caused by 
the sense current across the resistor, is mea- 
sured. Unfortunately, the temperature de- 
pendence of Rygopy 1s then reflected in U4. 
However, compared with a standard power 
FET, a current-sense FET has a slight ad- 
vantage here: its sensor FET serves as a 
switch (provided, of course, thal the power 
FET is also switched), and this isolates the 
measuring circuit from the power circuit at 
the instant the transistor is switched off. In 
that case, R, becomes a pull-down resistor. 
In that way, the input of the measuring cir- 
cuit is never connected to the, often high, 
supply vollage of the power section. That is, 
no special preventive measures are required. 


Faster via the K pin 


The switching behaviour of current-sense 
FETs is improved by the Kelvin connection, 
because the self-inductance of the source con- 
nection can then be by-passed via the K pin. 
In the usual circuit, where the gate voltage 
is connected between gate and source—see 
Fig. 10—the counter-e.m.f, (Ldi/d?) of this 
self-inductance ensures that the effective gate 
voltage 1s lowered. This reduces the switch- 
ing speed. When the K connection is used 
for the drive circuit—see Fig. 11—the self- 
inductance of the source (through which a 
large current flows that causes a large value 
of di) is by-passed. The gate voltage is then 
not reduced, so that the transistor can switch 
faster. a 
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Fig. 4. A power FET consists of a great number of small FETs that are arranged in a 
honeycomb or, simple, a series of squares. 
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Fig. 5. Connecting a number of the constituent FETs separately creates a virtually loss-free measurement circuit. 
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CURRENT-SENSE POWER MOSFETS 5s 


Maximum ratings (at 25° «Typical ratings ~3 


Type Vis Py eH Raeaiai lable 
Ue 


IRCS30 


| 920083-19 IRCS31 
IRC830 
Fig. 6. Circuit symbol of a cur- IRC832 
rent-sense powerMOSFET con- | BUK793-60A 
structed as shown in Fig. 5. | BUK795-60A 
BUK993-60A 
BUK995-60A 


Table 1. Brief data of some current-sense FETs. 
IRC = International Rectifier 
BUK = Philips 


920083-20 920083-17 


Fig. 7. How to convert the measured current into a voltage with the aid ofare- _- Fig. 8. Equivalent circuit of the setup in Fig. 8. 
sistor. This is a less accurate, but much simpler, method than that shown in 
Fig. 5. 


RETURN 


Fig. 10 and Fig. 11. Because in a current-sense FET (Fig. 11) 
the drive voltage to the gate may be connected in a different 
Fig. 9. The current-sense pin is held at (virtually) the source po- manner from that in a conventional power MOSFET (Fig. 10), 
tential with the aid of opamp A;. the current-sense type has a higher switching speed. 
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CAN — CONTROLLER AREA 


NETWORK 


By Achim Raab 
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CAN (Controller Area Network) is an advanced serial 
communication protocol, which supports distributed real-time 
control with very high noise immunity. CAN allows flexible 
network configurations based on different types of 
microprocessor and microcontroller. CANs are typically found 
in the automotive and industrial environment. 


ITH complex mechanical systems, 

such as those in today’s cars, the ul- 
timate in safety can only be ensured by 
electronic control of all sub-systems. The 
need for safety and efficiency in motor ve- 
hicles has boosted the importance of auto- 
motive electronics. As most of you will be 
aware, there is now electronics to control 
fuel injection, gas emission, anti-lock 
braking systems, power steering, and 
much more. 

The CAN bus is designed to meet the 
requirements of just about every mechani- 
cal/electronic control system or sub-sys- 
tem in a motor vehicle. It provides 
high-speed communication between elec- 
tronic modules connected to a two-wire 
bidirectional serial bus, to control cach 
sub-system within the vehicle. CAN pro- 
vides flexibility in that special-feature 
modules can be added to a fixed set of 
basic modules without reconfiguration of 
any of the basic modules. 


Designed to operate in an electrically 
very noisy environment, a unique prop- 
erty of the CAN protocol is its automatic 
error-handling capability. Extensive simu- 
lations revealed that less than one non-de- 
tected communication malfunction would 
occur in several thousand cars during their 
lifetime. 


A serial bus 


The basic idea behind the CAN bus ts 
simple: each electrical load, sensor, actua- 
tor, or combination of these, in the vehicle 
is connected to a small computer module. 
This represents a total break from the con- 
cept of a central, computerized, control 
connected to modules via a complex 
wiring system, The CAN protocol ts based 
on simple interconnection of modules via 
a serial dataline, and thus offers a tremen- 
dous reduction of electrical wiring in a car 
(itis not unusual for a typical luxury class 


car these days to have something like 
2 km of wire ‘on board’, representing a 
weight of more than 100 kg). 

The simplest CAN implementation is 
one where all modules are interconnected 
via the car chassis (‘ground’) and a single 
dataline. Each CAN module has, in princi- 
ple, a single supply wire to the generator 
or battery, and is controlled locally by a 
microprocessor or CAN controller (of 
which several types are already available 
from leading IC manufacturers such as 
Intel and Philips Components). These 
controllers run dedicated software that 
implements the CAN bus | protocol. 
Originally defined by Bosch in 1987, this 
protocol has been recognized as extremely 
reliable in very noisy environments, and is 
currently also used in many industrial 
control systems. 


CAN features 


The CAN bus has provision for a so- 
called multimaster structure, which may 
be familiar from office communication 
network systems such as Ethernet. Each 
bus user (‘node’, or simply ‘unit’) 1s al- 
lowed to start sending messages as soon 
as the bus is free (CSMA; carrier sense 
multiple access). In contrast to other bus 
systems, such as, for instance, Token 
Ring, bus users need not wait for permis- 
sion to start transmitting. 

A new aspect of CAN is object-ori- 
ented message transfer. Many other types 
of bus system, such as PC, are based on 
user addressing. In these systems, each 
bus user has its own, unique, address. If 
unit ‘A’ wants to convey a message to unit 
*B’. it transmits an information block that 
contains the address of *B’, and the actual 
data. Unit ‘B’ only accepts data when it 
recognizes its own address on the bus. 

The CAN bus is based on a different 
principle. The bus units do not receive ad- 
dresses, but messages are provided with 
an object identifier (Fig. 1). In a measure- 
ment system, for instance, each measured 
quantity (temperature, voltage, engine 
speed) may be assigned its own identifier, 
which is transmitted along with the mea- 
sured quantity. Each module connected to 
the bus may receive and process this mea- 
sured quantity, in as far as it is relevant to 
its function in the vehicle. The object 
identifier is an 11-bit word, which allows 
up to 2,048 different objects to be used. In 
practice, this number is reduced to 2,032 
because some identifiers are reserved for 
special functions. 

A with any multimaster bus system, 
provision has to be made to prevent bus 
collisions when two or more units find 
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that the bus is free, and start to transmit. 
The CAN protocol offers an efficient pri- 
ority-oriented bus arbitration system, CA 
(collision avoidance), to prevent data cor- 
ruption owing to bus collision, 

The CAN protocol defines two differ- 
ent bit levels on the bus: the dominant bit 
level, and the recessive bit level. A domi- 
nant bit level overwrites a recessive bit 
level. These levels are easiest realized 
with the aid of open-collector bus drivers 
as shown in Fig. 2. A recessive bus level 
is set up when all transistors are off (in- 
puts A, B, C and D at 0 V). If only one 
transistor is switched on, the recessive bus 
level is overwritten by a dominant bus 
level. During the arbitration phase, the | 1- 
bit identifier is placed on the bus, bit-by- 
bit. At the same time, the transmitter reads 
back the bit state on the bus, and com- 
pares it with the bit just sent. If the two bit 
levels are different, the transmit operation 
is immediately halted. In this way, bus 
collisions are prevented. An cxample: let 
us assume that units *A’ and ‘*B” start to 
transmit simultaneously. Unit ‘A’ trans- 
mits an object with — identifier 
OLIOO11L TOOL, and unit ‘B’ an object with 
identifier 01110111001. Further, let us as- 
sume that the dominant bus level is *1' 
(see Fig. 2). Units “A* and ‘B’ each send 
their first, second and third bit. Since the 
bit levels are identical, neither unit will 
detect an error when it reads back the bit 
level on the bus. However, when the 
fourth bit is put on the bus, unit ‘A’ de- 
tects an error, because the recessive bit 
transmitted by it is overwritten by the 
dominant bit that originates from unit *B’. 
The result is that unit ‘A’ stops transmit- 
ting, and unit “B’ is allowed to complete 
its transmission (note that the transistors 
invert their drive signals). 

The CA system has two advantages. 
Firstly, the binary value of the identifier 
allows units to be assigned different prior- 
ity levels. When two bus units happen to 
transmit simultaneously, the message 
from the unit with the lowest identifier 
value is transmitted first. The second ad- 
vantage is that the message is not inter- 
rupted. With other bus protocols, both bus 
units stop their transmission when a bus 
collision occurs, and start random timing 
generators before attempting to convey 
the message again. This system is referred 
to as CD (collision detect). 

Given the large number of automotive 
control functions in a vehicle, it will be 
clear that real-time communication is a 
must. Hence, the speed of the CAN must 
be as high as possible. In principle, the 
speed of the CAN is limited by the propa- 
gation delay in the bus wires, and that in 
the bus drivers, only. Assuming that a 
twisted wire pair is used, and the bus dri- 
vers have a propagation delay of 100 ns, a 
bit rate of 1 MBit s! can be achieved on a 
bus with an effective length of 40 m. When 
He Dit rate is lowered, the migaunuia) Dus 
length increases accordingly to 10,000 m. 
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Fig. 1. Contary to other bus systems based on individual device addressing, the CAN proto- 
col makes use of so-called object identifiers to ensure that messages reach the correct desti- 


nation (i.e., module). 


An object has room for data blocks 
with a maximum of 8 data bytes cach. 
This may appear a relatively small num- 
ber, but bear in mind that the CAN bus is 
not intended to convey large quantities of 
data. Normally, 8 bytes are more than 
enough to convey measurement values 
and process states. 

The effective data rate is an important 
characteristic when it comes to judging 
the ‘real’ data speed on a bus system. The 
effective data rate is basically the ratio be- 
tween the effective data length and the 
length of the complete message block 
(whose structure is discussed further on). 
The ratio works out at a maximum of 57% 
for the CAN bus. Given the short data 
length, 57% is a relatively high value. 

The CAN protocol does not contain 
specifications for the bus coupling hard- 
ware or the wiring between the modules. 
Depending on the application, single- 
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Fig. 2. Open-collecior bus drivers enable the 


manner. 


wire, two-wire, or fibre-optic links may 
be used. In most cases, a twisted wire pair 
is used in combination with bus coupling 
hardware derived from the RS-485 stan- 
dard. 

Data integrity is of the utmost impor- 
tance in automotive — applications. 
Powerful measures for error detection, 
signalling and self-checking are imple- 
mented in every CAN node. Only think of 
what would happen if a glitch in the sys- 
tem would switch the gearbox to reverse 
with the car going at a comfortable 
70 mph! 

Protective measures like 15-bit CRC 
{cyclic redundancy check), bit stuffing 
and MSF (message frame check) are im- 
plemented in the CAN protocol, which 
achieves a total residual error probability 
smaller than 3x10° for undetected cor- 
ruptcd messages, This means that a maxi- 
mum of one corrupted bit goes by 
unnoticed in a total of 33,000 bits. The 
Hamming distance, HD, achieved by the 
CAN protocol equals HD=6 (the 
Hamming distance is a measure of system 
security). The system is capable of detect- 
ing, reliably, up to five corrupted bits in a 
message. When one of the bus units de- 
lects an error in a Message, it transmits an 
error frame, which signals all other bus 
units to discard the corrupted message. 
This is done to ensure that all units re- 
ceive the same, uncorrupted, message. 
The error frame also serves to prompt the 
originator of the corrupted message to re- 
peat the message. 


Frame types 
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Fig. 3. The CAN protocol defines two types of message frames for the data exchange be- 
tween modules. The data frame serves to convey the actual data, while the remote frame 


serves to request data from other modules. 


tween CAN nodes. The actual data are 
conveyed via the ‘data frame’, while the 
‘remote frame’ serves to interrogate other 
bus units. A bus unit acting as a receiver 
for certain data can initiate the transmis- 
sion of the respective data by its source 
node by sending a remote frame. The 
structure of the two frame types is shown 
in Fig. 3. The start of the frame (type 
‘data’ or ‘remote’ ts marked by the start of 
frame bit. All bus units are synchronized 
on the falling (negative) edge of this bit. 
The subsequent arbitration ficld contains 
the previously discussed 11-bit identifier 
and the RTR bit (remote transmission re- 
quest). RTR=0 in a data frame, and 
RTR=!I in a remote frame. 

The control field serves to convey the 
length of the effective data in bytes (data 
length code, DLC). Only the four lower- 
order bits are used; the remaining two are 
rescrved for extensions. The control field 
is ignored in a remote frame, since it does 
not contain effective data in that case. The 
actual (effective) data follow the control 
field (there is no data field in a remote 
frame), and can be up to eight bytes long. 

The CRC field contains the 15-bit CRC 
checksum and a CRC delimiter, which is a 
single recessive bit that serves to give the 
receiver time to process the CRC. The 
CRC is computed using all previous bits 
in the message frame. The frame is fin- 
ished with the acknowledge (ACK) ficld 
and the end-of-message field. The ACK 
field is two bits long, and contains the 
ACK slot and the ACK delimiter. During 
the ACK field the transmitting unit sends 
to recessive bits. All receivers that have 
received a valid message correctly, report 
this to the transmitter by sending a domi- 
nant bit during the ACK slot. The end of 
frame field, finally, consists of seven re- 
cessive bits. 

Data frames and remote frames are 
separated from preceding frames by a bit 
tield called interframe space, which has a 


In addition to the data frame and the re- 


mote frame, there are two other frame 
types, which are not directly related to the 
transmission of data. A node that requires 
more processing time can issue an over- 
load frame, which causes other bus units 
to delay the transmission of the next data 


frame or remote frame. The function of 


the fourth frame type, the error frame, was 
discussed earlier. 


CAN on ICs 


The availability of inexpensive integrated 
circuits that implement the full CAN pro- 
tocol on their own has contributed signifi- 
cantly to the interest in the CAN bus. As 
this article is written, there are two CAN 
controllers on the market: the 82526 from 
Intel, and the PCA82C200 [rom Philips 
Components. Both ICs are designed to in- 
terface to a microcontroller. Depending 
on the application, the 82526, which is 
designated ‘full-CAN-controller’ is capa- 
ble of storing and processing between 5 
and 18 CAN messages. By contrast, the 
82C200 has only two receive buffers and 
one transmit buffer. The main data of the 
two ICs are listed in Tables | and 2. 

The block diagram of the 82C200 is 
shown in Fig. 4. At the right of the draw- 
ing we find the CAN bus connections. 


RXO and RX1 are differential inputs for 


the received data. TXO and TX] are trans- 
mitter data outputs. Software is used to 
define TXO and TX! either as open-drain, 
open-source, or complementary (invert- 
ing/non-inverting) outputs. The actual in- 
terface to the bus, however, requires a 
further driver circuit — usually some kind 
of RS-485 circuit. 

The microcontroller interface of the 
82C200 is shown to the left of the block 
diagram. Depending on the level applied 
to the ‘mode’ input, the controller may be 
connected directly to an 805] compatible 
processor (mode="1"), or a Motorola 
processor (mode="0"). The XTAL1 and 
\ > _termin: sonnectec « 


quartz crystal or to an external clock 


source. The typical clock frequency is 
16 MHz. 

The 82C200 contains a total of 32 reg- 
isters (status, control and data), which can 
be accessed by the microcontroller it is 
linked to. The CAN bit rate (which ts not 
fixed), the mode of the transmitter data 
outputs, and the interrupt behaviour of the 
controller are programmed via the status 
and control registers. To transmit a mes- 
sage, all relevant information in it, 1.e., 
identifier, remote frame bit, data length, 
and, of course, the effective data, is writ- 
ien into the corresponding registers. When 
everything is ready to go, the transmission 
is triggered by setting a certain control bit. 
Everything else is handled by the con- 
troller itself. 

By programming the so-called accep- 
tance filter in the 82C200, the controller 
can be made to respond to messages with 
certain identifiers only. This allows all 
other messages, 1.e., the ones which are ir- 
relevant for the particular node, to be fil- 
tered out, 

Only those messages that pass through 
the acceptance filter are stored in one of 
the two receive buffers. On reception of a 
message, a status bit is set, and an inter- 
rupt is generated (if so programmed). 
Next, the microprocessor can read the re- 
ceived data. 


Tea leaves 


At the present level of CAN technology, 
each node requires a microcontroller with 


Tabie 1. 
Intel 82526 CAN bus controller 


@ 2,032 different identifiers 
@ data rate up to 1 Mbit s"' 
@ Programmable-mode transmit 


data outputs 
@ Supply current 22 mA typ. 
@ Supply voltage 5 V 
@ Simple interface to 8051- 
family microcontrollers 
@ 44-pin PLCC package 
@ two 8-bit ports 


Table 2. 
Philips Components 82C200 CAN 
bus controller 


e@ 2,032 different identifiers 
@ data rate up to 1 Mbit s"' 
@ Programmable-mode transmit 


data outputs 

e@ Supply current 15 mA typ. 

e Supply voltage 5 V 

@ Simple interface to Intel and 
Motorola processors 
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Fig. 4. 


a program memory, a CAN controller and 
a bus driver. An intelligent sensor or actu- 
ator, however, in addition requires an A- 
to-D or D-to-A converter, respectively. 
Philips have announced a new CAN mi- 
crocontroller, the 80C592, that should re- 
duce the CAN node hardware layout 
considerably. Apart from the (application- 
dependent) bus drivers, this IC contains 
just about everything required to build an 
extremely compact CAN node interface. 
On board the 80C592 are 

- an 8-channel 10-bit A-to-D converter; 
-areference voltage source: 

- two PWM outputs; 

-a complete CAN controller; 

-a serial interface (RS232); 

-512 bytes of RAM; 

- three 16-bit timers/counters; 

- five bidirectional 8-bit ports; 

-a watchdog: 

- optionally: 16 Kbyte of ROM or EPROM. 


This controller allows car manufacturers 
to realize compact, reliable and inexpen- 


Block diagram of the 82C200 CAN controller (courtesy Philips Components). 


Conclusion 


The CAN bus is remarkable for its sim- 
plicity, reliability and high error immu- 
nity. CAN is supported by ‘big names’ in 
the car industry, automotive electronics 
industry and electronics industry: BMW, 
Daimler Benz, Bosch, Philips 
Components and Intel. The prospects of 
widespread use of CAN are very good, not 
only in the car industry, but also in the 
measurement and control field. a 


Sources / for further reading: 

1 CAN specification Version 1.2, Phillips 
Components (Division Hamburg, 
Germany *) September 1990. 

2. PCA82C200 Stand-alone CAN con- 
troller. Philips Components Doc. no. 
PS 025. 

3. CAN Features and Product Details. 
Philips Components Doc. no. PS 025. 

4. 83C952/80C952/97C952 Target Device 
Specification 1990 ver. 2.0. Philips 
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Architectural Overview, — Intel 


January 1988. 


Corp., 


* Philips Components, Division of Philips 
GmbH, Burchhardstrasse 19. 2000 
Hamburg |, Germany. Telephone: +49 40 
3296-683. 


sive CAN nodes using a minimum amount — 
of hardware. 


Components, August 1990. 


5. 82526 Control Area Network Chip 
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REPLACE YOUR PAGING SYSTEM WITH A HIGH POWERED 


INTERCOM 


By Charles Kitchin (Analog Devices Inc., USA) 


A cursory look through an electronics supplier’s catalog quickly 
reveals that, although there are many commercially available paging 
systems, high power paging systems which also function as 
intercoms are virtually non existent. Businesses, factories, noisy 
industrial environments, and summer camps are just a few examples 
of where just such a system is needed. The ability to page over a 
wide area, using a large number of remote speakers, while also 
having the ability to listen to any one (or all) of the areas covered by 
these speakers, makes this type of system extremely useful. 


NLIKE the common paging system, an 

intercom provides two-way communi- 
cations — through its master station it can 
both ‘talk’ and ‘listen’ to individual remote 
stations or zones of stations. The master can 
keep in touch with many different work sta- 
tions widely isolated from one another, thus 
allowing centralized control and communi- 
cation over large areas. This can be more 
than simply a matter of convenience. Since 
the master station can be readily called in an 
emergency, lives may be saved. 

In the ‘talk’ mode, an intercom provides 
the usual paging function. In the ‘listen’ 
mode, it can monitor any or all of the stat- 
ions. With a multi-station intercom system, 
normal standby mode has the master station 
(or office) listening to all the stations, any of 
which can then call the office individually if 
necessary. Once a remote station has alerted 
the master station (by yelling at the loud- 
speaker), the master can switch over and 
communicate with that one station alone. 

With any intercom system, special atten- 
tion is needed to ensure that the system can 
adequately monitor the remote stations 
under conditions of strong electrical noise. In 
general, the larger the total number of sta- 
tions in the system and the greater their dis- 
tance from the master station, the weaker the 
signal level and the greater the difficulty in 
discerning a signal out of the background 
noise. It is usually necessary to use shielded 
interconnect wiring between stations and to 
employ an instrumentation amplifier in the 
listen circuitry of the master station to cancel 


out as much noise as possible. 

Equally important is the type of public 
address speakers used. The physical size of 
the speaker horn directly affects the sensitiv- 
ity of the system: the larger the horn, the 
greater the speaker output both as a speaker 
and when used as a microphone. Public ad- 
dress speakers with 12" diameter or larger 
horns are well suited for intercom work; 
smaller speakers, such as the common 5" 
horn variety work well as paging speakers 
but are generally poor when used as micro- 
phones in the listen mode. The 12" speakers, 
with their larger horns, provide a great deal 
of acoustical gain when used as micro- 
phones. Note that, regardless of type, the 
metal frames of the speakers need to be 
grounded to minimize noise pickup. 


Circuit operation 


Figure 1 is a schematic of the main portion of 
a practical high powered intercom system. 
This particular intercom has survived over 
three years use, controlling the operations of 
a 200-acre summer camp. It still functions 
perfectly despite being operated 18 hours a 
day during periods of blistering heat and oc- 
casional thunder and lightning storms. Note 
that, unlike some intercoms, no power or 
electronic circuitry is required to operate the 
remote units, they are simply public address 
horn loudspeakers which function both as 
speaker and microphone. 

The system has four main subsections: 
the ‘listen’ section for monitoring the remote 


stations; the ‘talk’ section for public address 
to page through all the remotes, or to talk to 
them individually. A third subsection func- 
tions to select, via relays and switches, which 
speakers will be connected to the system at 
any given time. Finally, the power supply 
section supplies the correct voltages to 
power the various active devices. 


‘Listen’ or monitoring section 

The ‘listen’ section consists of only two am- 
plifiers: an AD524 instrumentation amplifier 
(IA) and a ‘bullet-proof’ 10-watt power 
opamp, the LM675. The AD524 IA cancels 
any signals which are common-mode (i.e., 
the same on both speaker wires), yet am- 
plifies signals which are differential {i.e., not 
the same on both speaker wires). Since noise 
is random, it is mostly common mode and 
will be cancelled; the signal, however, is ap- 
plied across the wires (differentially) and 
will be amplified. Since the common mode 
rejection of this amplifier is around 80 dB, 
the noise (theoretically) should be reduced 
10,000 times. In reality, though, not all noise 
is common-mode, yet the improvement in ° 
signal to noise is still dramatic. Note that 
grounding either of the speaker lines (not the 
shield but the lines) removes all common- 
mode cancellation. Therefore, care should be 
taken when adding new speakers and lines | 
that they be connected properly. The AD524 ; 
has two resistors between each of its inputs : 
and ground, which provide a DC ground re- | 
turn in the event that all speaker switches are | 
shut off. The two capacitors connected inf 
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Schematic of the simple 20-watt power amplifier. 
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parallel with the resistors serve to roll-off 
some of the high frequency noise and also 
make the system far less susceptible to radio 
frequency (RF) interference. The low pass fil- 
ter at the output of the AD524 serves the 
same purpose. 

The output of the in-amp connects to a 
‘listen’ volume control and from there to an 


LM675 connects through a capacitor to a 


R2 10k 


Non Inverting Power | 
Composite Amplifier 


Schematic of the 35-watt power amplifier. 


small (4") ‘listen’ speaker. The LM675 has no 
extra protection, other than through its sup- 
plies, since it is widely considered to be a 
‘burn-out-proof’ amplifier. 


The ‘talk’ or paging section 

In the ‘talk’ section, ICi, an AD743 low noise 

opamp operating at a gain of 140, serves as 
i ifier. This raises the 

5-10 mV microphone output level to ap- 


proximately 1 V. Mixer amplifier [{C2a allows 
either the amplified microphone output or a 
high level (0.5 V to 1 V) music input to be 
broadcast over the system. Output driver 
amplifier IC2b provides additional gain so 
that there is ample voltage to drive the 
power amplifier to its full output level, if 
desired. Note that all three of these oper- 
ational amplifiers are used only for the pag- 
ing or ‘Talk’ function. 


The power amplifier 
In this design, the power amplifier, which 
drives the intercom speakers located 
throughout the system, may be any physi- 
cally small amplifier capable of delivering 20 
watts or more. One alternative to building 
the power amplifier would be to use a 40- 
watt VMOS power module. Using the mo- 
dule will greatly simplify construction, but 
will add about $50.00 to the total circuit cost. 
Two ‘home brew’ power amplifiers will be 
discussed next. 

The performance of a monolithic IC 
power amplifier may be greatly improved 
by placing it within the feedback loop of an 
operational amplifier (opamp). This compo- 
site amplifier will then have both the low dis- 
tortion, low offset performance of the 
precision op-amp and the high current driv- 
ing capability of the IC power amplifier. 

The simple composite amplifier circuit of 
Fig. 2a delivers 20 watts r.m.s. into an 8-92 
load with a total harmonic distortion (THD) 
of less than 0.003% and a maximum offset 
voltage of 1 mV or less. In this circuit, an 
LM1875 power opamp is connected inside 
the feedback loop of an AD711 precision 
BiFET. 

Since they are operating within the same 
loop, a phase lead network, consisting of ca- 
pacitor C1 and resistors R3 and R4, provides 
the necessary compensation to stabilize the 
response of the AD711 and the LM1875. 

The 1-Q, 0.2-uF R-C damper network 
shown between the LM1875’s output and 
ground is necessary if the amplifier is driv- 
ing, an inductive load such as a loudspeaker. 
For simple resistive loads, the network may 
be omitted. 

Note that if a power amplifier with a 
single-ended output is used (in this case 
either the simple 20-watt amp or the com- 
mercial VMOS module), pin 7 of the 
talk/listen relay should be grounded and 
only one output fuse and fuse holder are 
needed. 

A second circuit, that of Fig. 2b, operates. ; 
atan overall gain of 60 and provides 35 watts 
r.m.s.into 8 Q with less than 0.0035% THD at 
1 kHz. The circuit consists of two non-invert- 
ing composite amplifiers, ‘A’ and ‘B’, in a 
bridge or differential output connection. 
Amplifier ‘C’ is a d.c. servo amplifier that 
nulls-out any d.c. voltage appearing across 
the load by making the d.c. offset of the two 
amplifiers equal. 

Amplifier ‘D’ inverts the input signal 180 
times so that the output of amplifier ‘B’ is 
non-inverting with respect to the circuit's 
input. The low input impedance of a high 
gain inverting composite amplifier makes 1 
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difficult to drive, This is why two non-invert- 
ing composites were used, with one of them 
driven with a simple op-amp inverter. 

An analog VU meter monitors the output 
level delivered by the power amplifier. A 
potentiometer located on the back top panel 
of the intercom sets the meter sensitivity. 
Eight diodes and one resistor protect the 
meter from overloads and from the power- 
down surge of the power amplifier. 


‘Talk/Listen’ function selection 

As shown in the schematic of Fig. 1, a 12-V 
relay switches the intercom from its normal 
‘listen’ function to its ‘talk’ mode. Note that 
contacts 8, 11 and 9 select whether or not the 
input to the power amplifier is to be driven 
or grounded. Contacts 5, 6, 7, 4, 1 and 3 
switch the speakers from the input of the 
‘listen’ section (the IA) to the output of the 
‘talk’ section (the power amplifier). The relay 
allows two switches to be used: a ‘push to 
talk’ and a ‘music normal’. Of course, both 
switches perform exactly the same function 
but one of them is a momentary contact, 
while the other is a normal toggle switch. 
Apart from the convenience of allowing 
music to bas paves. navi ing two switches 


creases s system vetiability. The anaes: are 
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Speaker and zone switch diagram. The 100-0 resistor in series with the speaker ‘on’ 
lamp reduces the operating voltage to about 6 V, which increases the life span of the lamp 
8,000 times. The zone switch contacts are connected in parallel with the speaker switch 
contacts in each zone. Since there are two speaker switching poles in each speaker switch, 
switching all five speakers in each zone requires ten poles as shown. One of the two 
remaining poles is used to switch on all the speaker lamps in each zone. 


extensively protected by MOVs (metal oxide 
varistors). 


Remote station speaker switches 

Figure 3 shows how the remote speaker 
switches are wired. Note that the contacts of 
the zone switches are wired in parallel with 
the contacts of the individual speaker swit- 
ches. The zone switches are highly reliable 
12-pole relay switches whose construction is 
similar to that of a telephone lever switch. 


Power supply section 

The final section is the power supply. To 
(help) protect against lightning, the a.c. 
power line is both fuse (1 Amp slow) and 
MOV protected. Two power transformers 
are used: a multi-winding transformer and 
one with a single winding. A 48-V center- 
tapped winding on the multi-winding trans- 
former connects to a large (10-A/1000-V) 
bridge rectifier. The + and ~— outputs of the 
bridge, which here is functioning as two full 
wave rectifiers, are applied to filter capaci- 
tors through small series resistors (these re- 
sistors limit the initial turn-on current 
through the capacitors and thus protect the 
bridge rectifier). 


The +25-V outputs power the power sie 


A HIGH-POWER INTERCOM SYSTEM 163 


fier. Each 25-V power supply also has its 
own 15-V supply system consisting of a 
series 15-V regulator. The +15-V outputs 
power the opamps, the in-amp, the LM675 
listen amplifier, and the opamps in the com- 
posite power amplifier. 

A second bridge rectifier (this time ac- 
tually operating as a bridge) is fed by two 
series-connected 6.3-V filament transformers 
(only one half of the second transformer is 
used). Their 9-V a.c. output feeds a second 
bridge rectifier whose output is filtered by a 
2,000 LF capacitor. Because its value is sub- 
stantially less than that of the main filter ca- 
pacitors, there is no need for a surge 
protection resistor. The 12-V output powers 
all the speaker line lamps and the 12-V 
talk/listen relay. 


Intercom operation 


This intercom system has been specifically 
designed to be as ‘fail safe’ as possible. The 
front panel switching uses standard toggle 
switches rather than the usual (and unre- 
liable) ganged push button switches. The 
system is divided into two different ‘zones’. 
This was done for two reasons: two zones 
allow paging half the stations rather than the 
entire system at one time. Also, the cost and 
complexity of an ‘all speakers’ on/off switch 
was prohibitive. Note that, in all cases, indi- 
cator lamps show which speakers are being 
listened to (or being talked to). 

Figure 4 shows the location and function 
of the intercom’s controls. On the top panel 
there are two knobs, an output meter, and 
the main power switch. The left control sets 
the ‘listen’ volume; this should be set at a 
comfortable listening level. When different 
speakers are selected, this control will need 
to be moved up or down somewhat to main- 
tain the same volume. Note that, unlike the 
previous system, the listen control does not 
affect the ‘talk’ volume in any way. 

The knob to the right of the ‘listen’ control 
is the ‘talk’ volume control. This sets the out- 
put level applied to the speakers when the 
push-to-talk button is pushed — the output 
level meter to the right of the control indi- 
cates this level. When ‘talking’, the talk level 
control should be set about mid-position, 
and the operator of the intercom should 
watch the output level meter when speak- 
ing. The operator should adjust his (or her) 
distance from the microphone (or talk softer 
or louder) to keep the average output level 
about mid-scale on the meter. Note that if the 
level is too high (i.e., the meter reading is 
mostly in the red zone on the right side of the 
meter) the speaker volume will be too loud 
and probably will be distorted as well. 
Speaking too softly (very little or no indica- 
tion on the meter) means that your trans- 
mission will not be heard. The power on/off 
switch turns on or shuts off all power to the 
intercom. 


Remote station selection 

The next area to explain concerns the swit 
hes anid fights Tocated on t 
panel. As Fig. 3 shows, in this system, there 


he sloping front 
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Fig. 4. Intercom front panel controls. 


are 10 speaker switches numbered 1 to 10, 
two ‘zone’ switches labeled ‘zone A’ and 
‘zone B’, a push to talk switch, and a nor- 
mal/music switch. There are also 10 speaker 
indicator lights and one large, red "talk" 
light. 

Each speaker switch controls one speaker 
line which have one, or several, 


may 


Fuse 


Each of the 10 
remote station 
lines is 
connected to 

the back terminal 


Heatsink for 
Power Amplifier 
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speakers connected to it. The speaker indica- 
tor lights show which speaker lines have 
been switched on. Note that there are five 
switches on the top row (switch numbers 1 
through 5) and another five on the bottom 
row (switches 6 through 10). Switching on 
zone switch ‘A’ is exactly the same as turning 
on speaker line switches 1 through 5; like- 


Meter 
Sensitivity 


Music Input 
Jacks 


Microphone 
Input Jack 


Ground 


wise, switching on zone switch ‘B" is exactly 
the same as turning on speaker line switches 
6 through 10. Switching on both zone swit 
ches will turn on all the speaker switches in 
the system. 

A nice feature of this system is that when 
a zone switch is turned on, all the speaker in- 
dicator lights in that zone will go on as well, 
indicating that it has switched on these 
speakers. Note that, because they switch on 
the same speakers, the zone switches may be 
used if one or more of the speaker line swit- 
ches fails. Or, if 1 of the zone switches fails to 
work, the five speaker line switches can be 
turned on simultaneously to perform the 
same function. 

Through the use of a relay, the push to 
talk switch ‘rewires’ or changes the intercom 
froma listening station to a high power pub- 
lic address (PA) system. The red talk light in- 
dicates that you are now paging one or more 
speakers at a time. Just as with listening, the 
speaker line switches (and zone switches) se- 
lect which speakers have been selected. The 
normal / music switch is electrically identical 
to the push to talk switch except that it is the 
type of switch that stays on or off — this 
allows you to play music over the intercom 
(you could sit there holding your finger on 
the push to talk switch, but most people have 
better things to do with their time). 

Again, if the push to talk switch fails, the 
normal music switch may be used in its place 
until repairs are made. 

Note that each speaker is (and must be} 
equipped with a ‘25-volt’ line transformer; 
this increases the speaker's 8-2 impedance 
to around 159 Q (depending on which trans- 
former tap is used). Note, however, that if 
even one speaker is connected without a 
transformer, the whole system will fail to 
work (because almost all the power will go 
into that one 8-Q speaker). 


On the back panel 


Figure 5 shows the recommended back 
panel connections to the intercom. Note that 
shielded wire is recommended for connect- 
ing the remote speakers to the master station; 
the shielding helps to reduce hum and noise 
when the intercom is used in the ‘listen’ 
mode. @ 


Each remote Station uses two 
terminals and a common ground 
connection. 


strip as shown. 


Shielded Wires 
(2 per speaker) 


‘Fig. 5. 


Intercom back panel connections. 
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AN ANTENNA EVALUATION AND 
SPARE HF TRANSMITTER 


This transmitter was designed to provide a frequency-stable, near-fool- 
proof, RF power source for use in the initial design of new types of 
comparatively narrow-band compacted resonant antennas, such as small 


Ps ees and important, considera- 
tion was that it could be used, as nec- 
essary, aS a spare transmitter and for 
holiday use, all of which would automati- 
cally follow if the primary design require- 
ments were met. 


The target specification 


The requirements the transmitter would 
have to meet are: 

(1) Utmost trouble-free reliability, and, in 
the unlikely event of trouble, this should 
be correctable in a minute or so. 

(2) Absolute frequency stability. 

(3) Power capability of up to 15 watts 
input to the power amplifier stage. 

(4) The ability to cope with abuse, in the 
event of high SWRs often met in the early 
design stages of small tuned loop anten- 
nas, or other experimental designs. 

(5) A highly frequency-stable ‘on the air’ 
transmitter as a spare, and for possible 
holiday use, 

(6) Construction such that it can be heavily 
modified for other applications, at a future 
date, 


Design philosophy 


Some eyebrows may be raised by the use 
of valves. However, the very simple rea- 
son for their being used here is that they 
were the best for the job in hand. When the 
transistor was first introduced, it opened 
the way to a new era in transmitter cir- 
cuitry. The author happily went along 
with this, and has used transistors exten- 
sively. However, the valve has not been 
forgotten, and many hybrid (i.e., transis- 
tor-valve} and all-valve circuits have been 
built depending on the need. After all, 
valves are still plentiful, relatively inex- 
pensive, and still manufactured. So, why 
subscribe to the apparent present-day 
mythology that the use of semiconductors 
is mandatory? These days, a so-called 
‘simple’ transmitter design with 5 or so 
watts of output power may well use be- 
tween 50 and 100 components, excluding 
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tuned transmitting loops. 


By Richard Q. Marris, G2BZQ 
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% see text 
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Fig. 1. The test transmitter is a simple two-valve design. A quartz crystal is used to ensure a 
stable output frequency in the 80-m amateur radio band. 


the tedious job of faultfinding, and extract- 
ing and replacing a semiconductor. This 
kind of work is complicated further by the 
fact that everything is crammed into a 
small space on a printed circuit board. 

In the present transmitter design, a 
small number of components is used, and 
the power amplifier will withstand over- 
loading and other abuse, e.g, a high an- 
fetina ov ‘Standing-wave ratio). | 
replacement valve can be plugged in in a 


“crystal oscillator stage is b 


minute or so, which is absolutely ideal in 
the early stages of the design of resonant 
small loop antennas, etc. 


The transmitter circuit 


The transmitter circuit consists of a crystal 
oscillator, a power amplifier and a few as- 
sociated components — see Fig he 


high-mu RF pentode, V1, in a simple 


ased on an EF80__ 


66} RADIO AND TELEVISION 


Pierce /Colpitts circuit. The 6F19 could be 
used as an alternative for the EF80. Apart 
from the well-known quartz frequency 
stability, an extra refinement is a regulated 
HT (high tension) of 150 ¥ d.c. applied to 
the crystal oscillator. 

The power amplifier uses a 6BW6 beam 
pentode, V2. Both valves are well-tried, re- 
liable types, Ceramic or teflon (PTFE) type 
B9A (‘noval’) valve bases should be used 
with Vi and V2. A conventional pi-filter, 
VCI-VC2-L1, is used to match the PA to 50- 
75 Q impedance coaxial feedline to the an- 
tenna or ATU (antenna tuning unit). The 
PA is cathode-keyed with adequate click 
suppression. The circuit shows a 100-mA 
milli-ammeter in the anode circuit to facil- 
itate tuning and loading. The meter is also 
useful for calculating the input power (in 
watts) by multiplying the anode current 
with the HT anode voltage. 

VCi and VC2 are good-quality air- 
spaced receiver type U-frame variable ca- 
pacitors. VC? is a 2-gang x 365-pF type, 
and VC a single-gang 365-pF type. All re- 
sistors are 0).5-watt rating unless otherwise 
indicated. All capacitors are 350-V work- 
ing voltage unless otherwise indicated. 

Type F'1243 (ex-surplus) plug-in quartz 
crystals were used in the prototype, with a 
socket on the front panel for easy fre- 
quency change. Other types of crystal 
could be used, such as HC6/U, HC18/U, 
1iC23/U, ete. 

‘The use of the prototype was restricted 
to the 3,500 kHz to 3,800 kHz amateur 
radio section of the 80-m band, using 3.5- 
MHz band crystals, and Li is wound for 
this band. Note that the 80-m band is ex- 
tended to 4,000 kHz in some countries. 
However, a simple modification to Li can 
make it usable on the 7-MHz (40-m) and 
14-MHz (20-m) amateur radio bands. 
More about this further on. 

The voltage requirements of the trans- 
mitter are 150 V d.c. (preferably regulated) 
to Vi, and anything between 200 V d.c. 
and 300 V dic. for V2. On the prototype, a 
HT of 270 V is used on V2, which can be 
loaded to a maximum of 16 watts at this 
voltage. Normally, however, it is run at a 
lower power. 

Switch S2 (in-built in the AC PSU cir- 
cuit) is the standby/transmit switch, 
When 82 is open, the HT to the transmitter 
is off. When $2 is closed, with the morse 
key open, the HT is only applied to the 
crystal oscillator, V1, providing a small 
non-radiating signal which can be ‘fre- 
quency-netted’ on the receiver. Pressing 
(closing) the morse key effectively applies 
HT voltage to V2, thus actuating the power 
amplifier and transmitter output. The CW 
(continuous wave or ‘morse’) signal pro- 
duced by the transmitter is very clean and 
frequency stable. 


Transmitter construction 


The transmitter was built into an existing 
simple metal box 6% inch wide, 3% inch 


6.3V 
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Panel Light 
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Fig. 2. Circuit diagram of the transmitter power supply. 


high and 4 inch deep (approx. 
165x95x100 mm). The box size is not at all 
critical, provided it is not smaller. The box 
lid is used as the front panel, and fitted 
with a simple aluminium chassis, as illus- 
trated. The layout of the main components 
is as shown, and should be adhered to, 
even if a larger box is used. The top of the 
box should have ventilation holes drilled 
into it. The lower rear of the case (just 
above chassis level) should also have a 
ventilation slot or holes. This cooling sys- 
tem works like the domestic in-room con- 
vector heater. As hot air passes through 
the top ventilation holes, cold air is sucked 
into the bottom holes at the bottom rear, 
thus producing a flow of cold air over the 
valves. 

The resistors and capacitors are readily 
soldered between the main components’ 
solder tags. Decoupling capacitors should 
be earthed to the chassis with the shortest 
leads possible. In practice, this method is 
more advantageous than a printed circuit 
board, since the components are well 
spaced. Clearly, this facilitates quick re- 
pairs, as well as drastic modifications, at a 
later date. 

Inductor L1 and choke RFC2 are home 
constructed. Li consists of 35 turns of 
24SWG (25AWG, approx. 0.6 mm dia.) 
enamelled copper wire wound on a 14- 
inch (38-mm) length of 1-inch (25 mm) di- 
ameter plastic tubing, with a spacing of a 
wire between the turns. The inductor is 
stood off the chassis, using %-inch (approx. 
19 mm) long insulated spacers at each end. 

RFC2 is a simple anti-parasitic choke, 
and consists of 7 turns of PVC-covered 
hook-up wire. It was wound on an old Erie 
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10-MQ carbon resistor. A piece of 0.25- 
inch (6-mm) diameter insulated rod could 
be used as an alternative. RFC1 is a normal 
2.5-mH choke capable of carrying 100 mA. 

Although VC1 is specified as a 365-pF 
single-gang variable capacitor, it was 
found that this was difficult to find, so one 
section of a 2-gang x 365 pF was used, 
with one section not connected. 

The jack socket, K, is a 3.5-mm type to 
match the plug on the author’s Junkers 
morse key. A 6-mm socket could be used 
to match other types. The coaxial output 
socket at junction Li-VC2 can be of any 
style to suit individual needs. 

The valve pin numbers shown in the 
circuit diagram are ‘bottom view’ num- 
bers, moving clockwise from the gap in 
the sockets. On most socket types, these 
numbers are already marked on the base. 

The 6.3-V a.c. filament supply is rated 
ata minimum of 1.5 A. 


Power supply unit 


The following external voltage supplies 
are required by the transmitter: 


1). HT 150 V at 10 mA, preferably (not es- _ 


sentially) stabilized. 
2). HT 270 V at 90 mA minimum. 
3). 6.3 Vac. at 1.5 A minimum. 


It is possible that a suitable AC power sup- 
ply already exists, or can be purchased as 
a ‘surplus’ item. The voltage stabilizer, an 
OA2, and its series resistor, can easily be 
built into such a_ unit, as 
transmit/standby switch 82. 


can | 


The circuit diagram of the PSU used by 


wll, 
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Fig. 3. Suggested component placement on the transmitter chassis and front panel. 


the author is given in Fig. 3. It consists es- 
sentially of a mains transformer, Tr, a full- 
wave rectifier (an EZ81 valve), and a 
smoothing section formed by two 450-V 
electrolytic capacitors and a 10-H choke. A 
Type OA2 voltage stabilizer is used to pro- 
vide the 150 V regulated HT for the crystal 
oscillator. Stabilization is used here to fur- 
ther improve the frequency stability of the 
oscillator. Both the EZ81 and the OA2 are 
fitted in B9A bases. The outputs of the PSU 
should be terminated with sockets (NOT 
plugs), that receive plugs terminating a 
short interconnecting cable from the trans- 
mitter. The author’s PSU is built into a 
metal case 8% inch wide, 4% inch high and 
6 inch deep (approx. 22x12x15 cm). Again, 
this size is not mandatory. 


Transmitter testing and 
operation 
A 3.5-MHz band crystal is plugged into 


the front panel crystal socket. A 15-W 
(minimum) 50-2 dummy load is con- 


nected to the antenna output socket. 

Switch $2 is set to the ‘standby’ position 
(i.e., ‘open’). The mains is switched on, 
and an initial warm-up period of about 
1 minute should be allowed. Check the HT 
with a_ suitable voltmeter. With 5S2 
switched on, and the morse key ‘open’, 
there will not be an ammeter reading, but 
is should be possible to receive the crystal 
oscillator on the receiver. 

With both variable capacitors at maxi- 
mum, close S2 and press the morse key. 
This will give a meter reading. Very 
quickly rotate VC1 for a pronounced dip in 
the anode current. This dip indicates reso- 
nance. Rotate VC2 slowly to increase the 
meter current to about 50 mA, and slightly 
return VC, if necessary, to resonance. 
With a HT of 270 V and an anode current 
of 50 mA, the input power is about 13.5 W. 

The antenna or antenna/ ATU combina- 
tion can now replace the dummy load, and 


minor adjustments made with VC1/VC2 if 


necessary. The transmitter is now ready to 
go on the air. [t can be loaded to 60 mA 
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SOME SUGGESTED 
COMPONENT SUPPLIERS 


Crystals: 

Type FT243 (and others), and 
holders, from: JAN CRYSTALS, 
2341 Crystal Drive, P.O. Box 
06017, Fort Myers, FL 33906 - 
6017. U.S.A. 

All types except FT243 from: Quartz 
Crystals, P.O. Box 19, Erith, Kent 
DA8 1LM. 


Valves and valve bases: 

RST Mail Order Co., Langrex 
Supplies Ltd., 1 Mayo Road, 
Croydon, Surrey CR6 2QOP. 
Colomar (Electronics) Ltd., 170 
Goldhawk Road, London W12 8HJ. 


Variable capacitors VC1 and VC2: 
J. Birkett, 25 The Strait, Lincoln LN2 
1JF (can also supply resistors, 
capacitors and other small 
components). 


maximum (approx. 15 W). The loading can 
be reduced as required, e.g., to 40 mA (for 
approx. 10 W), or 50 mA (for approx. 
13.5 W). 


Other bands 


The transmitter can also be operated on 
the 7-MHz (40-m) band with either a 3.5- 
MHz or 7-MHz band crystal, with the size 
of Li reduced by removing 4% of the turns. 
Valve V2 then operates as a power ampli- 
fier on 7 MHz with a 7-MHz crystal, or asa 
frequency doubler, with a little lower out- 
put, with a 3.5-MHz crystal. In a similar 
way, by further reduction of the induc- 
tance of L1, and using a 7-MHz crystal, the 
PA will act as a doubler to produce a 14- 
MHz band signal. Anyone requiring 
multiband operation could well make Li a 
2-pin plug-in device for easy wavechange. 


Conclusion 


This two-valve circuit has been designed 
as a simple, very reliable, near fool-proof, 
frequency-stable, HF test transmitter. The 
circuit and component selection (i.¢., 
valves and crystal control) have been dic- 
tated solely to meet the target specifica- 
tions discussed earlier. It performs its job 
for initial testing of narrowband tuned 
loop antennas perfectly, and has also 
proved to be an excellent low-power 
everyday and spare transmitter. 

Finally, as with all AC mains operated 
equipment, there are high voltages present 
in the transmitter and PSU circuits. High 
voltages should always be treated with 
care and respect, since they may be lethal. 

cy 
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LETTERS 


I found ‘Cellphones explained” in the June 
issue to be so badly researched and con- 
structed that at best it is un-informative and 
at worst quite misleading. 

Despite the suggestion in the article’s 
heading, there was precious little information 
on how cellphones are able to function, How 
are calls set up, either from the PSTN to a 
mobile phone, vice versa, or from mobile to 
mobile? How can the system tell if a mobile 
is switched on or off, or outside the cover- 
age arca? How does the system know whether 
a mobile user is in Penzance or Aberdeen? 
How are calls maintained whilst the mobile 
drifts out of a cell’s area of coverage? 

The second section of the article seemed 
to mix apparently verbatim extracts from 
the GSM specifications with confused de- 
scriptions of the two existing TACS net- 
work's frequency repeat patterns—bewil- 
dering. The further comment in this section 
that ‘in the real world only four different pairs 
of frequencies are used...” is incorrect, as in 
Vodafone’s world the full seven-cell repeat 
pattern is used, with no re-use of frequen- 
cies within these cells. 

Towards the end of the article it becomes 
clear that Mr. Higgins has missed the point 
entirely. The cellphone systems are not in- 
tended to compete with, or replace, the fixed 
telephone system, but rather offer a differ- 
ent kind of service to a user on the move. 
This service of course includes the ability to 
make normal phone calls (not wherever you 
are, Mr Higgins, but wherever there is cov- 
erage}, but also to receive calls, to store mes- 
sages for future retrieval when it is inconve- 


nient to answer the phone, plus a host of 
other services including the transmission of 


data over the network. VO DA fone stands 
for VOice and DAta, but there was no men- 
tion of, say, transmitting adocument by FAX, 
or using a lap-top PC to communicate with 
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the mainframe back at base; both facilities 
which are used on a daily basis in my com- 
pany, ] suspect that Mr Higgins’ BT Chargecard 
would be of little use if he required similar 
data communications facilities, or even the 
ability to receive a phone call whilst on the 
move. 

Clearly then, the “high cost’ referred to 
by the author only appears so when compared 
with the charges for BT’s PSTN, and I believe 
that most business users of a mobile phone 
system will agree that it makes them money. 
Fora private user, it depends on the value that 
the individual places on convenience. 

Another ‘disadvantage’ mentioned by Mr 
Higgins was the ‘short delay after speaking 

. to allow for reception’.What on earth 
does this mean? The communication is full 
duplex and virtually in real time, just as on 
anormal BT telephone; there is no delay. 

And finally to the future and GSM. Well, 
actually the future has already arrived with 
Vodafone’s GSM system already in operation 
in parts of the south of England with the 
roll-out to the rest of the country under way. 
Type approved handsets are the current re- 
striction, but these will be available from June 
onwards. After that, what next? Your article 
made no mention of the proposed Rabbit, 
MCN or PCN systems, which are likely to 
be where the main interest for the man-in- 
the-street will lie—personal communica- 
tions for the masses— priced accordingly. 

[hope that these few comments are enough 
to suggest that perhaps your short article 
could have been more informative if it had 
been better presented, and that Mr Higgins 
will accept this as constructive criticism. 
Perhaps he would also accept the challenge 
to have a re-think on the matter and pro- 
duce another more in-depth article to re- 
move some of the confusion experienced by 
people considering the purchase of a mobile 
phone; he was certainly correct to highlight 
this area of the business. 


G. Marsh 
Kendal 


Mr Higgins replies as follows: 
It is good to see readers studying closely the 
contents of my reports, as well as taking 
time and effort to pen a lengthy response. 
Criticism is always useful, as it provides a 
form of feedback to writers to help improve 
things in the future. 

As] see it, Mr Marsh’s letter can be broadly 
categorized into four bones of contention: 


(a) Not enough research, 

(b) Did not extol the virtues of cellphones. 
(c) Uninformed and trying to mislead readers. 
(d) Do new report, 


Addressing these individually: 


(a) The time, effort and materials spent on this 
project were extensive, 

(b) I always try to give an unbiased, inde- 
pendent view of things in all reports I write. 
(c) I never willingly try to mislead readers 
of any of my reports, I present the facts as they 
are, with informed independent comment, If 
something is more expensive, then that is how 
I report it. 

(d) Notreally needed, as the report is succinct. 
It is a delicate balance of what an educated 
readership expects, the time spent reading the 
article, and the information gained after read- 
ing the report. 

As you may know, acoustic couplers can 
be used with portable modems to link into 
PSTN. These have been in used by journal- 
ists and others all over the world for a num- 
ber of years, 


Having known Mr Higgins for a number of 
years, | have every confidence in the an- 
swers he gives, None the less, laccept Mr Marsh's 
point that the article lends itself to a more 
detailed treatment and I will, therefore, en- 
deavour to commission this, [Editor] 


Dear Editor—I enjoyed the construction article 
on the guitar tuner (June 92), but was sur- 
prised that the article stopped short of giv- 
ing important details on the diode matrix. It 
would have been a simple matter for you to 
include a table showing the diode positions. 
Also, the article said nothing about the physi- 
cal assembly of the diodes. It appears that 
the diodes must stand up on the cathode lead, 
and then have the anode leads connected to- 
gether with a bare wire. Some means must 
then be found to prevent the wires from 
shorting together. Also, the reader should 
be cautioned not to insert the diodes directly 
against the PC board, because they will likely 
crack if bent slightly. The author states that 
six of the outputs from [C, must be summed 
to equal the scale factor. This is incorrect. 
For the values I calculated, each note will 
require anywhere from four to eight diodes. 


Itappears obvious that the crystal frequency 
is fairly arbitrary, and that almost any crys- 


tal in the 2-2.7 MHz range could be used |» 


with acceptable accuracy if the diode matrix 
is calculated accordingly, using reference fre- 
quencies of 8 times the string frequencies. 


In the US, a common crystal frequency is | ~ 


the NTSC color burst, 3.5795 MHz. This could 
be used if the reference frequencies were 16 
times the string frequencies (which should 
still work). 

By way of example, | am enclosing my 
calculations for the scale factors and diode 
matrix positions for both harmonic and equal 
temperament tuning, both with the original 
erystal frequency and with the NTSC color 
frequency. At only one note (E) does the fre- 
quency errorexceed 0.05 Hz using the NTSC 
crystal, but 0.15 Hz at 330 Hz is still better 
than atuning fork. The calculations were made 
with MathCad. 

The schematic shows a crystal trimming 
capacitor. There is no mention of this ad- 
justment in the text, but, in fact, it should be 
unnecessary, since the crystal tolerance is 
likely to be 0.01%, which is much better 
than required. A trained musician can just hear 
a frequency error of about 0.15%. 

It seems obvious that a simple extension 
of this design could be made to cover twelve 
notes, so it could be used for tuning pianos 
or other instruments. Also, an audible tone 
output could be added with very little addi- 
tional circuitry. 

In the table, the string frequency, f,, is 
calculated from the stated crystal frequency 
using the stated scale factor (s.f.). The refer- 
ence frequency, f,, is calculated from the 
desired frequency. In the diode matrix, 

1” = diode present. 


Kenneth Lundgren 
Bloomingdale, IL 


Thanks for this very detailed letter, the con- 
tents of which are reproduced here in full, 
as 1 am sure that many readers will greatly 
appreciate the enhancement of the article. 


[Editor] 


Dear Editor—I would like to point out an error 
in Mr Carr’s article ‘Dealing with noise and 
interference in electronic instrumentation cir- 
cuits’ (July 1992), Formulas (1) and (2) as 
stated in the article are both incorrect. (1) 
should read U,=V(4K7BR) and (2) 


G<1 
NAotal = = NF, + G 
4 Frnt 
G,G2G4...Gr_ | 


Using formula (1), Mr Carr came up with 
an arbitrary figure of 0.6 LV of noise owing 
to temperature created by molecular motion 
(for a 100 kQ resistor and a bandwidth of 
| KHz). Mr Carr did not specify how he came 

with this number. What temperature did 
> : e reader discern. 
Are we to assume room temperature? 


Suing ff ft sf, 


GUITAR TUNER CALCTE ATION 


diode matrix 


Qy Oi Gs Os Or Os 6 O O OB Ooh 


82.40 659.28 3727 
109.99 880.00 2792. 
146.85 1174.64. 2091. 
196.04 1568.00 1566 
246.95 1975.52. 1243. 
329.61 2637.04 931° 


Equal vemnperament, crystal ia 2 Hare MHz 


Harmonic tuning; crystal frequency = 2.4576 MHz 


82.49 660,00 3273. 
109.99 - 880.00 2792 
146.85 1174.64 2091 
195.54: 1564.48 1570 
247,54: 1980.00 1240 
329.97 2640 930 


0 
0 
0 
0 
1 
0 


Equal temperament; crystal frequency = 3.5795. MHz (NTSC color) 


82.40. 1318.56 2714 
109.99 1760.00: 2033 
146.80 2349.28 1523 
196.07 3136.00 1140 
246.93. 3951.04 905 
329.48 5274.08 678 


Harmonic tuning; crystal frequency = 3.5795 


82.49 
109.99 
146.80 
195:56 
247.48 
329.97 


1320.00 2711 
1760.00. 2033: 
2349.28: 1523 
3128.96: 1143 
3960.00. 903 
5280.00: 677 


I am an analog circuil design engineer; 
my specialty is data acquisition systems that 
require a minimum of 16 bit true resolution 
...and I enjoy reading your wonderful mag- 
azine. 


Robert Mostafapour 
Coleman, MI 


You are quite right about the formulas—they 
were discovered virtually when the presses 
were rolling. They are not Mr Carr's mistakes, 
but our typesetters’. Our apologies for these 
oversights and thanks for your interest. As 
regarding Mr Carr's not stating the temper- 
ature, he will, no doubt, offer us his own 
comments in due course. [Editor] 


COMPONENT RATINGS 


A number of readers have asked for ratings 
of circuit components to be specified in the 
parts lists. Ratings used to be specified in 
the ‘decoder’ in the past, but for a number 
of reasons this was discontinued. In view of 


starting here. 


1 
0 
0 
1 
1 
1 


20 kQ/V instrument unless otherwise spec 


1 
1 
1 
1 
0 
0 
M 


Hz 


In resistor and capacitor values, decimal 
points and large numbers of zeros are avoided 
wherever possible. The decimal point is usu- 
ally replaced by one of the following abbre- 
vialions: 


p(pico-) = 10-!2 
n(nano-) = J0-9 
u(micro-) = 10-6 
m (milli-) = 10-3 
k (kilo-) = = 108 
M (mega-) = 106 
G (giga-) = 109 


Note that nano-farad (nF) is the inter- 
national way of writing 1000 pF or 0.001 [F. 


Resistors are !/; watt, 5% 


Ye metal film types > F 
unless otherwise specified. 


The d.c. working voltage of capacitors 
(other than electrolytic or tantalum types) is f 
assumed to be 260 V. As a rule of thumb, a 
safe value is about 2x d.c. supply voltage. 


D.C. test voltages are measured with a 
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Mains (powcr line) voltages are not listed 
in the articles. [t is assumed that our readers 
know what voltage is standard in their part 
of the world. 

Readers in countries that use 60 Hz sup- 
plies, should note that our circuits are usu- 
ally designed for 50 Hz. This will not nor- 
mally cause problems, although if the mains 
frequency is used for synchronization, some 
modification may be required. 

The international letter symbol*U’ is used 
for voltage instead of the ambiguous ‘V’. 
The letter V is reserved for ‘volts’. 


CORRECTIONS 


Plant warmer (June 1992) 
Resistor R, was omitted from Fig. 
correct diagram is shown below. 


2. The 


920050 - 12 


_ Switchboard allows all PRIVATE READERS 
duh Elektor Electronics one FREE advertise- 


pbbenlhcoecestaeahadretid 
giving reasons or without returning them. 


WANTED: Signetics linear LSI data & appli- 
cations manual 1985., or article p.9-198. 
Phone Frank Cosgrove on (0202) 432 973. 


FOR SALE. Tektronix 465 100 MHz portable 
scope, calibrated, manuals and probes. Very 
good. £295. Phone (0344) 27869. 


FOR SALE. Atari 520 STFM computer, 1M 
drive, mouse, joystick, manual. £200. Phone 
092 684 279. 
¢ WANTED Help withlaserPSU 150mW/ argon 
ion; heater OK; tube current and voltage con- 
trol. All expenses paid. Write to Mr W. Owen, 
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Inductance-capacitance meter (March 1992) 
The value of Rj, and Ry7 should be 39 Q, 
not 30 Q as shown in the parts list. 


8751 Emulator (March 1992) 

The features list in the first column on page 

53 should read: 

— download, modify, and upload 8751 pro- 
grams without having to erase and pro- 
gram an 8751. 

— put breakpoints in programs. 

— display register and memory contents. 


elc. 


FM tuner — Part 3 (May 1992) 
In the PSU parts list on page 54, R3q,; should 
be 150 Q, 1%, not 150 kQ, 1%. 


Video enhancer (July 1992) 

Preset P> is best adjusted for a signal level 
of 2 Vpp at the collector of T2. Output tran- 
sistor T3 may run fairly hot: this is normal. 

The third paragraph of the text on page 
73 should read: The frequency characteris- 
tic of the signal at the base of T3 is shaped 
by Pj), Rg and Cy, and is, therefore, to a cer- 
tain extent under the control of the user (with 
P)). 


SWITCHBOARD 


59 Scott Crescent. Tayport, Fife, Scotland. 


HELP. Electrohome ECM1311 monitor. Anyone 
who has successfully replaced the CRT, please 
phone (0543) 491 867. 


WANTED. Sinclair ZX81 ULA logic chip or 
working ZX81. Phone Jon on (0602) 307 140 
between 6 and 7 p.m. 


WANTED. Circuit diagram for TEAC FD-55 
disk drive fitted with Apple 2 adapter. Please 
write to Stephen Shaw, 21 Kanfer St, Greenhills 
1760, South Africa. 


WANTED. Quantity of 18-pin RAMs type 
numbers 5514 HM4334 M58981 6514. Phone 
Mark on 081 693 8200. 


LOAN. Schematic for Ferguson hi-fi system 
15 model ML40001C. Write to R. Barnell, 26 
Roseholme Road, Northampton NN1 4TQ. 


FOR SALE. Intel 8-bit embedded controllers 
handbook 1991 ed. Contains 8051 data. £15 
ono. Phone John on 0920 462 414. 


FOR SALE. PC-based disassembler for 8031/32 
produces source code with labels. £20. Phone 
Mark on (0626) 779 987. 


FOR SALE. Electronic Components (book) 
by D.T. Horn (McGraw-Hill 1992) or exchange 
for Elektor Electronics issues 5, 7-8, 10 and 


111991 and 11 987. Write to —s Sietelon 


Want to EXPERIMENT with tubes? 20 valves 


i. 


Mark 2 QTC 80/40 loop antenna (July 1992) 

The frequency *3800 kHz’ mentioned twice 
under 2. 40-metre band (page 90) should 
have read *7300 kHz’. 


Audible fluid level indicator (July 1992) 
Owing to a printing error, the diagram in this 
article is incorrect. The right diagram is. shown 
below. 


914710 - 14 


incl. triodes, pentodes, rectifiers, etc. £15. 
Phone (0254) 760 003. 


Send this coupon to 
Elektor Electronics (Publishing) 
P.O. Box 1414 
Borcheses DI2 8YH 

England 


Block capitals please — one character to each box 
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Name and address MUST be given 
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PRODUCT OVERVIEW 


SIEIPTIEMUBIEIR 1OD2 


EVEGTRONIGS} 


A number of projects carried in Elektor Electronics are supported by ready-made printed- 
circuit boards (PCBs), self-adhesive front panel foils, ROMs, EPROMs, PALs, GALs, 
microcontrollers and diskettes, which may be ordered through our Readers Services using the 
order form printed every month opposite the Readers Services page. 

The list printed here is complementary to the shorter one opposite the Readers Services page 
elsewhere in this issue. This two-page overview of all currently available products is regularly 
updated and will appear in the March, June, September and December issues of Elektor 


Electronics. 


[tems marked with a dot (@) following the product number are in limited supply only, and their 
availability can not be guaranteed by the time your order is received. 

Items not listed here or on this month’s Readers Services page are not available. 

The artwork for making PCBs which are not available ready-made through the Readers 
Services may be found in the relevant article (from March 1990 onwards). 


voltmeter 890117 375 0.66 
DECEMBER 1989 
Digital Model Train a7291-7 475 1.63 
EPROM simulator 890166 10.00 1.75 
Hard disk monitor 890186 11,00 1.93 
IC tester ELY project 
LF‘HF signal tracer 890183 8.00 1,40 
Solid-state preamp a90170-1° 11.75 2.06 
890170-3° 9.00 1,58 
Transistor curve tracer = 490177 5.75 1.01 


1990 


JANUARY 1990 


Video mixer (1) A7a04-1 27.25 477 
Mini EPROM 

programmer a90164 7.00 1.23 
All solid-state 

preamplifier 890170-2" 16.75 2.76 
Simple AC milli- 

voltmeter 900004e 6.50 1.14 
1 GHz frequency meter 

card for PCs. 894110 21,75 3,81 


“The four PCBs required for the preamplifier (2 » 
B90170-1; 1x B90170-2 and 1x 890170-3) are 
available as a package, ref. 890170-9, ata 
discounted price of £41.00 + £7.18 VAT + PAP, a 
saving of £7.25. 


FEBRUARY 1990 


Prices and item descriptions subject to change. Prices can be confirmed on request at the time lta ad tor BOUNGT 1425. 2.48 
of ordering. Digital Model Train (11) 87291-B 4.50 0.79 
Dark-room clack 894027 @ 6.560 1.14 
Retlex MW AM receiver UPBS-1 195 0,34 
Video mixer (2) Ara04-2 16.25 2.84 
Capacitance meter 900012 @ 7.25 1.27 
PRINTED-CIRCUIT BOARDS SSB receiver for 80m Colour test pattern 
and 20m B7O5ie@ 14.75 2.58 generator 680130 @ 139,30 2,33 MARCH 1990 
BASIC computer 87192 20.25 3.54 Autonomous 0 Audio/video madulator ELV project 
| 1986 | 986 Dimmer for inductive controller 880163 4.85 0.85  — Cigital model train (12) 87291-9 3.50 0.61 
loads B718le 6.00 1.05 B80184e 15.90 2.68 IC monitor 896140 7.50 1.91 
FEBRUARY 1986 Pitch control for CD B80165e 11.50 2.01 Power line monitor sowd25e 4.75 0.83 
Battery-oparated NiCd players Replacement for 
charger Be002e 5.80 1.02 | 1988 | 988 TCA2S04 B9407Be 5.50 0,96 
Video mixer (3) 874a04-3 35.50 6.21 
MARCH 1986 JANUARY 1988 REED] 989 
MS busboard 86003 e@ 18.15 3.48 Stereo limiter B7168e@ 7.25 1,27 APRIL 1990 
Switch-mode PSU ascodie 5.00 0.88 JANUARY 1989 BBD sound effects unit 9000108 7.75 1,96 
APAIL 1986 Fax interface for Atari Digital model train (19) B7291-10 4.00 0.70 
Portable mixer 86012-18 5.30 0.93 FEBRUARY 1988 ST and Archimedes 880109 7.45 1.29 © meter 900031 @ 6.00 1.05 
Infra-red headphones 87640 @ 6.10 1,07 MIDI control unit 880178-1 9.05 1.58 RAS-232 splitter 900017-1 7.25 1.27 
MAY 1986 8801 78-2 6.65 1 900017-2 4.50 0.79 
Printer butfer S5114-1@ 11.75 2.06 MARCH 1988 Low-budget capaci- Video line selector 900042 @ 6.50 1.14 
4511420 5.05 0.88 Computer-controlled tance meter UPBS-1 1.95 0,34 Wiring allocation tester ELV project 
Portable mixer §6012-3A@ 530 0.93 slide fader 87259 16,00 2,80 
Low-noise preamplifier FEBRUARY 1989 MAY 1990 
JUNE 1986 for FM receivers 880041 e 6.50 1.14 Digital Model Train 8729t-1 4.20 0.74 Acoustic temperature 
S-way relay board B6039e 5.80 1.02 Signal divider for Touch key organ 886077 10,05 1.76 monitor UPBS-1 1.95 0.94 
Rain gauge B6068e 3.60 0.63 satellite TV receivers Sa0067 e 5.00 0.88 VHF receiver 886127 7.45 1,30 Budge! sweep function 
generator 500040 7.00 1.23 
SEPTEMBER 1966 APRIL 1988 MARCH 1989 Centronics ADC/DAC 9000370 16.25 2.67 
ATTY interface 86019 e 7.60 1.93 Stereo sound generator 87142@ 7.25 1.27 Power line modem 680189 6.10 1.07 PC servicing card ELY project 
Universal peripheral Fuzz unit for quitars 87255 @ 6.50 1.14 Centronics bufler 890007-1 19.60 3.49 Tranststor characteristic 
equipment 86090-1 @ 795 1.39 Active loudspeaker asoo3s0e 7.50 1.31 890007 -2 2.15 0.38 plotting 900058 4.75 0.83 
system 890007-3 435 1.46 
OCTOBER 1986 Tuneable preamplifiers JUNE 1990 
IDU for satelliia TY for VHF/UHF TV 880044e 6.25 1.09 APRIL 1989 Electronic load simulator 900042 @ 12.00 2.10 
reception 86082-1e 12.60 2.21 Digital Model Train 87291-2/3 4.30 0.76 MIDI master keyboard Doepter Elektronik 
Computerscope B6083 e 24.60 4.51 MAY 1988 Function generator UPBS-1 195 0.34 Mini EPROM viewer 900030 14.00 3.15 
9968-5 2.05 0.36 Plotter 67167 e@ 11.50 2.01 Triplet 890013-1 6.65 1.16 Power zener diode UPBS-1 195 0.44 
Balanced line diver 990013-2 6.80 1.19 Remotely controlled 
NOVEMBER 1986 and receiver 87197 @ 10.50 1.84 Multi-point IR control §=©890019-1 3.45 0.60 stroboscopa ELY project 
VHFSUHF nose §90019-2 4.05 O71 
generator B608te 155 0.27 JUNE 1988 Video recording amplifier ELY project JULY/AUGUST 1990 
Top-of-the range 6111-44 6.90 1.21 Widehand active aerial 880043-1@ 6.00 1,05 Battery tester ELY project 
preamplitier 86111-1 10.40 1.82 for SW receivers 880043-2e 4.765 0.83 MAY 1989 Compact 104 power 
HF operation of ADS decoder 880209e 4.50 0.79 supply 900045 11,50 2.01 
DECEMBER 1986 fluorescent tubes 880085e 976 1.71 Digital Madel Train (4) 87291-4 5.25 0,92 intermediate projects UPBS-1 1.95 0.34 
Temperature probe Analogue multimeter 890035 12.60 2.19 Mini FM transmitter® 896118 4.25 0.74 
for DMM B6022e 1.05 0.18 JULY/AUGUST 1988 DIMF system decoder 890060 6.50 1.14 Sound demodulator far 
Electronic sand-glass 87406e 660 1.16 Sine-wave converter UPBS-1 1.95 6.34 satellite-TY receivers go0057 375 0.66 
VO extension card for S-VHS-to-AGB converter ELV project Audio power indicator 9040040 O75 0.66 
| 1987 | IBM PCs 880038 28.60 5.01 Four-monitor driver 
Frequency read-out for JUNE 1989 for PGs 904067 @ 5.25 0,92 
JANUARY 1987 SW receivers as0039 e 1840 3.22 8-digit frequency meter 880128 11,50 2.0+ * can sot be supplied to readers in the UK 
Top-ol-the-range Five-band graphic Echo unit ELV project 
preamplitier 86111-2e@ 22.50 3.94 equalizer 884049 « 7.95 1.39 SEPTEMBER 1990 
Simple 80m RTTY JULY/AUGUST 1989 High-current hee tester = S0007B8e 5,50 0,96 
FEBRUARY 1987 | receiver S86034Xe 415 143 MIDI keyboard interface infra-red remote 
Electron ROM card 86089 @ 5.70 1.00 decoder board 890105-1 7.00 1.23 contral 904085/86 675 1.14 
SEPTEMBER 1988 controller board Sound generator ELV project 
MARCH 1987 Fast NiCd charger 871868 6.10 1.07 Tracking tester ELV project 
MSx EPROMmer a7002 @ 9.60 1.66 Floppy disk monitor ag007a 425 0.74 OCTOBER 1990 : 
Valve preamplifier {1} 87006-1e 450 1.49 OCTOBER 1988 Function generator UPBS-1 1.96 0.34 uP-controlled telephone } 
86111-3Ae@ 6.90 1.21 Centronics interlace Sound level meter a94024e 3.50 0.61 exchange 500081 16.00 315 ? 
for slide fader B80llle 7.75 1.36 S-VHS/CVBS-to-RGB e 
APRIL 1987 Preamplifier for §80132-18 5.90 1.03 SEPTEMBER 1989 converter 900055 @ 12.25 214 = 
Valve preamplifier (2) B7006-2@ 12.52 2.19 purists 88013220 12.25 2.14 Digital Model Train 87291-6 6.70 1,17 t 
Facsimile interface a7038e0 683 1,55 Peripheral modules Stereo viewer 890044 5.57 0.97 NOVEMBER 1990 | 
for BASIC computer S80159@ 65.00 0.88 Centronics monitor 990123 5.50 0.96 400-watt laboratory PSU S00082@ 11.00 1.93 
MAY 1987 Transistor curve tracer Ba60B7@ 4.60 0.81 Resonance meter 886071 3.90 0.68 Active min subwoofer 900122-1e 6.00 1.05) £ 
MIDI signal distnbution a7ol2e 740 1.30 Dubbing mixer EV7000 ELV project ; 
NOVEMBER 1988 OCTOBER 1989 Medium-power audio 200098 9.00 1.58 i 
JUNE 1987 Bus interface for hi-res Logic analyser with amplifier 
Autoranging OMM a7o9ge 655 1.15 LCD screens Ba0074 e@ 16.75 2.93 Atari ST 890126 5.25 0.92 Programmer for the 8751 900100 7.00 1.23 & 
LFA-150 — a fast 880092-1 © B45 148 CO error detector 890131 6.00 1.05 PT100 thermometer 900106 « 4.00 0.88 4 
JULY/AUGUST 1987 power amplitier 880092-2e 7.70 1.45 RGB-to-CVBS converter ELY project 
Headphone amplitier B765i2e 9.00 1.58 Harmonic anhancer S806? e 630 1,10 DECEMBER 1990 
Portable MIDI keyboard 880168 @ 7.85 1.97 NOVEMBER 1969 Active mini subwoofer 900122-2 « 5.25 0.92 
OCTOBER 1987 — — ———_——_— = = BI201-5 43-50 64 —Mithohea pete SH nid @ 5 9) 6 
Low-noise microphone DECEMBER 1988 Extension card for 890108 18.00 3.415 Phase check for 
preamplifier s705Be 345 0.60 LFA-150 — a fast B80052-38 640 1,12 Archimedes. incl. PAL audio systems. B00114-1/2—8 8.00 1,40 
power amplifier Ba0082-4e8 646 1.13 and diskette 890108-9 29.25 5.12 PC-controlled Video- 
NOVEMBER 1987 CVBS-to-TTL adaptor 350098 e 4.85 0.85 31/2-digit LED SMD text dacoder (1} ELY project 


ELEKTOR ELECTRONICS SEPTEMBER 1992 


Signal suppressor for 


all-solid state preamp 904024e 3.75 0.66 
Audio input selector 904039 e 625 1.09 
Search time monitor 904052e 400 0.70 


| 


JANUARY 1991 
Logie analyser (1}: 


- Busboard 900094-4 « 900 1.58 
PC controlled Video- 

text decoder (2} ELV project 
SWRA meter 900013 3.00 0.53 
FEBRUARY 1991 

Logic analyser (2); 

- RAM board 900094-2@ 15.75 2.76 
~ Probe board 900094-3@ 425 O74 
Multifunction measure- 

ment card for PCs 900124-1 24.00 4.20 
MIDI-to-C¥ interface Doepter Elektronik 
ROS decoder: 

- demodulatar board Sp020S e 450 0.79 
processor board 900060 e 6.50 1.14 
MARCH 1991 

The complete preamplitier: 

- input board 890169-1 22.20 3.89 
»main board 890169-2 33.50 5.46 
Electronic exposure 

jimar 900041 9.25 1.62 
PC-controlled weather 

station (1) 900124-3 3.75 0.66 
2-m band converter 900006-1 4.25 0.74 


APRIL 1991 
Logic analyser (3) 


-contral board 900094-5@ 15,75 2.76 


MIDI programme 
changer 900133 e = =5.75 1.01 
6-bit lO for Atari 910005 1050 1.84 
£m band transverter 910010 975 1.71 
Watimeter: 
meter board 910011-1 6.50 0.96 
- display board 910011-2 3.50 0.61 
Mowng-coil (MC) 
preamplifier 510016 @ 9.00 1.58 
Dimmer for halogen lights: 
- fransmutter 910032-1@ 350 0.61 
receiver 910032-2 @ 3.75 0.66 


PC-controlled semi- 


conductor tester ELV project 


MAY 1991 

80C32/8052 Computer 910042 10.25 1.79 
Battery tester 906056 3.50 0.61 
Laser (1) ELV project 
Moving-magnet (MM) 

preamplifier S00l11e 5.75 1.01 
Universal l/O mterface 

tor IBM PCs 910046 9.26 1.62 
JUNE 1991 

Universal battery charger 900134 8.00 1.40 
Logic analyser - 4 

-powersupply board 900094-7e 7.50 1.31 
- Atari interface 900094-6e 10.75 1.88 
- IBM interface 900094-1e 12.25 214 
Digita! phase meter 

ise o! 3 PCBs) 910045- t2/3 2225 3.99 
Light transceiver UPBS-1 1.95 0.34 
Vanatle AC PSU 900104 6 6.25 092 
Light switch w. TV IR ric 910048 4.75 0.83 
ATC for Atari ST 910006 5.25 0.92 
Stepper motor board +1: 

-PC insertion card 910054-1 24.75 4.39 
JULY/AUGUST 1991 

Multifunction VO far PCs 910029 20.75 3.63 
BW video digitizer 910053 19.25 3.37 
Stepper motor board - 2: 

pawer driver board 910054-2 2425 4.24 
Laser-3 ELY¥ project 
LED voltmeter 9140058 4.75 0.83 
Wien bridge 914007 @ a.50 0.61 
Angled bus extension 

card for PCs 914030e 10.25 1.79 
Sync separator 914077 © 3.75 0.66 
SEPTEMBER 1991 

Peak indicator for loud- 
> main board 910055 20.75 3.63 
- display board 87291-3a 350 0.61 


Asymm-symm converter 910072 4.75 083 
OCTOBER 1991 
PC-controlled weather 
station (2) 900 124-2 3.25 0.57 
Digital function generator 
- main board 910077-1 18.50 3.24 
- display board 910077-2 10,75 1.88 
Audio spectrum shift 
encoder‘decoder 910105 B75 1.53 
NOVEMBER 1991 
Relay card for uni 
versal I/O interface 910038 11.00 1.93 
Dissipation limiter 910071 3.75 0.66 
Digital function generator 
- sine converter 910077-3 12.75 2.23 
- AT converter 910077-4 10.50 1.84 
Class-A power amplifier (1); 
880092-1 845 1.48 
830092-2 7.70 1,35 
Timer for CH systems UPBS-2 3.25 0.57 
DECEMBER 1991 
Class-A power ampliier (2): 
880092-3 6.40 1.12 
880092-4 645 1.13 
Economy power supply 910111e 800 1.40 
uP programmable filters 910125 5.75 1.01 
Amiga mouse/jaystick 
switch 914078 3.50 0.61 
A musical Chnstmas 
present 910157 2.75 O48 
Safe solid-state relay 914008e 8325 0.57 
Slave mains on‘ott 
control Mark-2 914072@ 550 0.96 


Wideband antenna 
amplifier 


io: es 


JANUARY 1992 


ELV project 


CD player 910146 7.00 1.23 
Fast precise thermometer 910081 7.25 1.27 
Low-frequency counter 

- input baard 910149-1 4.25 0.74 
- display board 910149-2 5.40 0,96 
Mini Za0 system 910060 9.00 1.58 
Prototyping board for 

IBM PCs 910049 18.00 3.15 
Unwersal RC5 coda 

infra-red receiver 910137 4.00 0.70 
PC-controlled weather 900124-5 8.50 1.49 
station (3) 

FEBRUARY 1992 

Audio/video switching 

unit 910130 10.00 1.75 
'2C interface for PCs = 910131-1 12.25 2.14 
Measurement amplifier 910144 11.60 2.01 
Mini square wave 

generator 910151 4.50 0,79 
RAM extension for mini 

280 system 910073 2.00 0.35 
Switch-mode power 

supply 920001 3.75 0.66 
MARCH 1992 

8751 emulator 920019 10.25 1.79 
4-DiD-A and |'O fot 

12C bus 910131-2 5.25 0.92 
AF drive indicator 920016 4.75 0.83 
Centronics fine booster 910133 $.00 0.89 
FM tune: (tuner board) 920005 18.00 3.15 
LC meter 920012 7.50 1.31 
MIDI optical link 920014 5.25 0.92 
APRIL 1992 

80C32 SBC extension 910109 11.50 2,01 
2-metre FM receiver 910134 875 1.53 
Comb generator 920003 7.25 1.27 
AD232 converter 920010 10.50 1.44 
Automatic NiCd charger UPBS-1 1.95 0,34 
LCD for L-C mater 920018 4.00 0.70 
Milli-ohm meter adaptor 920020 3.75 0.66 
May 1992 

1.3-GHz prescaler 914059 425 0.74 
Compact mains supply 920021 6.25 1.09 
FM tuner - 3 (PSU) 920005-2 750 1.31 
GAL programmer 920030 9.50 1,66 
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ROMS — EPROMS — PALS — GALS — MICROCONTROLLERS 


Article/Project 


HP controlled frequency meter 
Programmable tmer 

GHz prescaler 

Marine computer 

Jumba clack 

Graphics card 

Panter buffer 

EPROM programmer for MSX computers 
Bus interface for high-res LCD screens 
Intelligent time standard (1.T.S.) 

VO extension card for IBM PCs 

and compatibles 

Multifunction measurement card for PCs 
Centronics intertace tor slide fader 
pP-controlled radio synthesizer 
Portable MIDI keyboard 

Pitch control for CD players 

MIDI contro? unit 

The digital model train 

Darkroom clock 

Stave indication unit for |,7.S. 

EPROM emulator 

Micro-controller driven power supply 
Autonomous IO controller 

Video mixer 

Four-sensor sunshine recorder 
uP-controlled telephone exchange 
RDS decoder 

MIDI programme changer 

Logic analyser (IBM interface) 
MIDI-10-CV interface 

Multitunction l’O card for PCs 

Amiga mouse-joystick switch 

Stepper motor board 

Logic analyser 

8751 emulator (incl, system disk 5.25 in,) 
Connect 4 

EMONS1! (8051/8032 assembler course) 
Multi-purpose Z80 card: GAL set 
Multi-purpose 280 card: BIOS 

3751 programmer 


DISKETTES 


Articte/Project 


FAX interface for Atari ST (b/w only) 

FAX intertace for Archimedes. 

* send us your formatted 3.5 inch diskette 
Digita! model train 

Logic Analyser for Atari ST 

(for monachrame systems only) 
Computer-controlled Toletext decoder 
FAX interface for IBM PCs 

RAM extension for BBC-B 

EPROM simulator 

RS-232 splitter 

Centronics ADC/DAC 

Transistor characteristic plotting (Atari ST) 
(for monochrome systems only) 
ROM-copy for BASIC computer 
Multifunction measurement card for PCs 
8751 programmer 

PT 100 thermometer 

Logic analyser: IBM software & GAL IC 
Logic analyser: Atarr software & GAL IC 
Plotter driver (D. Sijtsma} 

PC-controlled weather station (1) 
PC-controlled weather station (2) 
PC-controlled weather station (3) 

8-bit O interface for Atari ST 
TektronixIntel file converter 

BW video digitizer for Archimedas 
Timecode interface for slide controller 
Real-time clock for Atari ST 

24-bit colour extension for video digitizer 
805 1/8032 assembler course {IBM version) 
A-D/D-4 and WO for I2C bus 

8051/8032 assembler course (Atari version) 
AD232 converter 

GAL programmer 

Multi-purpose Z80 card 


Issue 


12/84 
5/85 
7/85 
10/85 
12/85 
3/86 
5/86 
4/87 
12°88 
2/88 


7-888 
2/91 
10/88 
988 
11/88 
1288 
1/89 
senes 
2/90 
3/88 
9'87 
9/88 
12/88 
490 


(senes) 
3/92 
12/91 
series. 
6/92 
6/92 
11:90 


1/89 
1:89 


series 
10/B9 


(seres) 
3/92 
senes. 
4/92 
5/92 
6/92 


Description 


1 x 2732 

1 x 2732 
1» 2732 
1x 2716 
1% 2716 

2 » 829123 
1x 2716 

1x 27128 
1 « 2764 

1» 2764 


x 1618 

* 16L8 

x 16R4 

» 27064 
1 x 2764 
1x 2764 
1 x 27C64 
1 x 2764 
1% 27128 
1» A748H 
1 = 8748H 
1x B751 
1 x 8751 
1 x 2764 
1 «27128 
1 «27128 
1x 2764 
1 = 2764 
1« PAL 16L8 
1 x 2764 
1 x PAL 16L8 
1 GAL 16Va 
1 x PAL 16L8 


Price 
(f) 
9.00 
9.00 
9.00 
7.30 
14.60 
9.40 
7.30 
10.00 
10.00 
10.00 


&.75 
8.75 
8.75 
10.00 
10,00 
10.00 
10.00 
10.00 
9.25 
15.00 
15.00 
47.50 
47.50 
10,00 
10.06 
13,00 
13.00 
13.00 
7.00 
13,00 
7.00 
7.00 
7.06 


VAT 

(£) 
1.58 
1.58 
1.58 
1.28 
2.56 
1.72 
1.28 
1.75 
1.75 
1.75 


1.53 
1.54 

53 
1.75 
1.75 
1.75 
V75 
1.75 
1.62 
2.63 
2.63 
8.31 
8.31 
1V75 
1,75 
2.28 
2.28 
2.28 
1.23 
2.28 
1,23 
1.23 
1,23 


see under DISKETTES below 


1 x 27C64 

1 = 2764 

1x 27256 

2™ GAL 16V8 
1x 27128 

1 x 8751 


Disk size 


3.5-inch 
3.5anch 


§.26-inch 
3.5-ineh 


$.25-inch 
§.26-inch (2 <) 
5,.25-inch 
§.25-inch 
§.25-ineh 
§.25-inch 
3.5-nch 


5.25-iach 
§.25-inch 
§.25-meh 
5.25-inch 
§,25-Inch 
3.5-inch 
§.25-mneh 
5.25-inch 
§.25-inch 
5.2S-inch 
3.5-ineh 
§.25-inch 
3.5-inch 
5.25-inch 
3.5-ineh 
3.5-inch 
5.25-inch 
§.254nch 
3.5-inch 
§.25-inch 
§.25-inch (3 «3 
§.25-nch 


SELF-ADHESIVE FRONT PANEL FOILS 
Order code 


Article/Project 


Analoque multirnete: 
All-solid state preamplifier 


LF/HF signal tracer 

Video mixer 

Q meter 

Budget sweep;function ganerator 
High-current hee tester 
400-watt laboratory PSU 
Milliohmmeter 

The complete preamp 

Wattmeter 

Universal NiCd battery charger 
Logic analyser 

Digital phase meter 

Variable AC power supply 
Timecode interface for slide controller 
Digital function generator 
4-Megabyte printer buffer 
Economy power supply 
Measurement amplifier 

CD player 


NICAM decoder 


Issue 


5/69 
1/90 


12/49 
3°90 
4/90 
590 
990 
11/90 
12/90 
391 
491 
6/91 
(series) 
691 


5/92 


490035-F 
890170-F1 
890170-F2 
890183-F 
87304-F 
906031 -F 
900040-F 
900078-F 
900082-F 
910004-F 
890169-F 
910011-F 
900134-F 
900094-F 
910045-F 
900104-F 
910055-F 
910077-F 
910010-F 
910111-F 
910144-F 
0146-F 


920035-F 


25.00 
13.00 
17.00 

9.50 
13.00 
39.66 


4,38 
2.28 
2.98 
1.66 
2.28 
6.91 


~ 
b 


PRINTED CIRCUIT BOARDS 


READERS SERVICES Digital phase meter 910045-F 10.00 1,75 
Variable AC PSU 900104-F 14.00 245 
Timecode interface 910055-F 7.50 1.31 Printed circuit boards whose number is followed by a 
All orders, except for subscriptions and past issues, Digital function 910077-F 9.00 1.58 +-sign are only available in combination with the as- 
must be sent BY POST to our Dorchester office using generator sociated software, and can not be supplied. sepa- 
the appropriate form opposite. Please note that we 4-Megabyte printer rately. The indicated price includes the software. 
can not deal with PERSONAL CALLERS, as no stock buffer 910110-F 9.75 1.71 
is carried at the editorial offices. Economy PSU 910111-F 9.00 1.58 
All prices shown are net and customers in the UK CD Player 910146-F 10.25 1.79 PROJECT No, Price VAT 
should add VAT where shown. ALL customers must Measurement amplifier 910144-F 7.50 1.31 (£) (£) 
add postage and packing charges for orders up to FM tuner 920005-F 1126 LST MARCH 1992 
£25.00 as follows; UK and Eire £1.75; surface mail LC meter 920012-F 9.75 1.71 8751 emulator 920019 Tas 179 
outside UK £2.25: Europe f{airmail) £2.75; outside Guitar tuner 920033-F 7.50 1.31 A-D/D-A and I/O for 
Europe (airmail) £3.50. For orders over £25.00, but NICAM decoder 920035-F 7.00 1.23 l2C bus 910131-2 §.25 0.82 
not exceeding £100.00, these p&p charges should be 12VDC to 240VAC AF drive indicator 920016 475 0.89 
doubled, For orders over £100.00 in value, p&p inverter 920039-F to be advised Centronics line booster 910133 5.00 0.88 
charges will be advised. FM tuner (tuner board) 920005 18.00 3,15 
LC meter 920012 7.50 1.31 
PROJECT No. Price VAT MIDI optical link 920014 5.25 0,92 
Letters of a general nature, or expressing an opinion, (£)  (£) 
or concerning a matter of common interest in the field = Multifunction measurement APRIL 1992 
of electronics, should be addressed to The Editor. card for PCs (1 x PAL16L8) 561 875 1.53 80C32 SBC extension 910109 11.50 2.01 
Their publication in Elektor Electronics is at the discre- | Darkroom clock {1 x 27128) 583 9.25 1,62 2-metre FM receiver 910134 8.75 1,53 
tion of the Editor. Video mixer (1 x 2764) 5861 10.00 1,75 Comb generator 920003 7.25 1.27 
Four-sensor sunshine FM tuner - 2 No PGB 
recorder (1 x 27128) 5921 16.00 1.75 AD232 converter 920010 10.50 1.84 
A limited number of past issues (from July/August P-controlled telephone Automatic NiCd charger UPBS-1 1.95 0.4 
1987 onwards) is available from Worldwide exchange (1 x 27128) 5941 13.00 2.28 LCD for L-C meter 920018 4.00 0.70 
Subscription Service Ltd, Unit 4, Gibbs Reed RDS decoder (1 x 2764) 5951 13.00 2.28 Milli-ohm meter adaptor 920020 3.75 0.66 
Farm, Pashley Road, TICEHURST TN5 7HE, MIDI programme changer 
England, to whom orders should be sent, Prices in- (1 x 2764) 5961 13.00 2.28 MAY 1992 
cluding postage for single copies are £2.30 {UK and _ Logic analyser (IBM inter- Audio/video processor - 1 ELV project 
Eire); £2.50 (surface mail outside UK); £2.70 (air mail face) (1 x PAL 16L8) 5971 7.00 1.23 1.3 GHz prescaler 914059 425 O74 
Europe); or £3.75 (airmail outside Europe). MIDI-to-CV interface 5981 13.00 2.28 Compact mains supply 920021 6.25 1.09 
Multifunction 1/O for PCs FM tuner - 3 (PSU) 920005-2 7.50 1.31 
(1 x PAL 16L8) 5991 7.00 1.23 GAL programmer 920030 9.50 1.66 
Photocopies of articles from January 1978 onwards Amiga mouse/joystick NIGAM decoder 920035 12.75 2.23 
can be provided. postage paid, at £1.75 (UK and — switch (1 x GAL 16V8) 6001 7.00 1.23 
Eire), £1.90 (surface mail outside UK), £2.25 (airmail Stepper motor board - 1 JUNE 1992 
Europe), or £2.50 {airmail outside Europe). Incase an = (1 x PAL 16L8) 6011 7.00 1.23 4-Megabyte printer buffer 910110 16.00 2.80 
article is split into instalments, these prices are applic- | 4-Megabyte printer buffer Audio-video processor - 2 ELV project 
able per instalment. Photocopies may be ordered (1 x 2764) 6041 13.00 2.28 (2C display 920004 400 0.70 
from our editorial offices. 8751 emulator FM tuner - 4: 
incl. system disk (MSDOS) 6051 26.00 4.38 - mode control board 920005-3 4.75 0.83 
FM tuner (1 x 27C256) 6061 17.00 2.98 - synthesizer board 920005-5 9.25 1.62 
Although we are always prepared to assist readers in Connect 4 (1 x 27C64) 6081 13.00 2.28 Guitar tuner 920033 8.50 1.49 
solving difficulties they may experience with projects © EMONS1 (8051 assembler MAX660 inverter/doubler 920032 Not available 
that have appeared in Elektor Electronics during the course) (1 x 27256) 6091 17.00 2.98 Multi-purpose Z80 card 920002 17.25 3.02 
PAST THREE YEARS ONLY, we regret that these can = Multi-purpose Z80 card: 
not in any circumstances be dealt with by telephone or GAL set (2 x GAL 16V8) 6111 9.50 1.66 JULY 1992 
facsimile. Multi-purpose Z80 card: 12VDC to 240VAC inverter 
BIOS (1 x EPROM 27128) 6121 13.00 2.28 - main board 920039-1 9.50 1,66 
8751 programmer (1 x 8751) 7061 39.50 6.91 - power board 920039-2 5.50 0.96 
Components for projects appearing in Elektor Elec- Audio DAC - 1 920063-1 7.25 1.27 
tronics are usually available from appropriate advertis- Optocard for universal 
ers in this magazine. If difficulties in the supply of PROJECT No. Price VAT PC I/O bus 910040 11.00 1,93 
components are envisaged, a source will normally be (£) = {£) Audio-video processor - 3 ELV project 
advised in the article, Multifunction measurement FM tuner - 5: 
card for PCs 1461 6.50 - keyboard/display 920005-4 12.25 2.14 
8751 programmer 1471 6.50 - S-meter 920005-6 3.25 0.57 
PT100 thermometer 1481 6.50 RS232 quick tester 920037 4.25 O74 
The following books are currently available: Logic analyser: IBM software Smail projects: 
these may be ordered from certain bookshops, on disk, incl, GAL 1491 16.50 289 CBtoSWdownconverter 924001 Not available 
or direct from our Dorchester office. Logic analyser: Atari software Water pump control for 
on disk (3.5"}, incl. GAL 1501 16.50 2.89 solar power system 924007 6.25 1.09 
OT CUES: viesinasererensiiversesinens £8.95 Plotter driver (D. Sijtsma) 1541 950 1.66 PC fan control 924009 Not available 
302 Circuits... £8.95 PG-controlled weather Battery regulator for 
303 Circuits .-£9.95 station - 1 1531 6.50 1.14 solar power system 924010 Not available 
WOH BH CUNS iazaymnsereccenaeiens £10.95 PC-controlled weather Power supply tester 924015 Not available 
Microprocessor Data Book £9.95 station - 2 1561 6.50 1.14 Simple power supply 924024 4.25 O74 
Data Sheet Book 2.0.0.0... £8.95 \'O interface for Atari 1571 6.50 1.14 Metal detector 924038 Not available 
Data Book 3: Peripheral Chips... £9.95 Tek/Intel file converter 1581 6.50 1.14 Wideband active teles- i 
Data Book 4: Peripheral Chips... £9.95 B/W video digitizer 1591 9.50 1.66 copic antenna 924102 2.75 0.48 | 
Data Book 5: Application Notes .,.,,.............2..... £9.95 Timecode interface 1611 6.50 1.14 k 
RTC for Atari ST 1621 6.50 1.14 SEPTEMBER 1992 k 
24-bit colour extension EPROM emulator - I[ 910082 6850 1.49 
Elaktor Electronics Binder. .......... cee eee £2.95 for video digitizer 1631 9.50 1.66 Audio/video processor - 4 ELV project 
PC controlled weather 23 cm FM transceiver PCB available from author 
station - 3 1641 650 1.14 Audio DAC - 2 920063-2 16.00 2.80 
PROJECT No. Price VAT 8051/8032 Assembler course Kerber Klock IV contact Kerber Klack Ko, 
(£) (£) (IBM version) 1661 6.50 1.14 
A-D/D-A and I/O for I?C bus 1671 650 1.14 
400-W laboratory PSU 900082-F 17.50 3.06 8051/8032 Assembler 
Milliohmmeter 910004-F 14.00 2.45 course (Atari version) (3.5"} 1681 6.50 1,14 
The complete preamp 890169-F 7.50 1.31 AD232 converter 1691 6.50 1.14 
Wattmeter 910011-F 8.25 1.44 GAL programmer (3 disks} 1701 9.50 1.66 
nivers, 900134-F _5.50 0.96 Multi-purpose Z80 card 1711 6.50_ 1.14 
charger EPROM emulator LI 129 «45.75 «1.01 _ 
Logic analyser 900094-F 8.75 1.53 


A list of all PCBs, software products and front panels available through the Readers Services is 
published in the March, June, September and December issues of Elektor Electronics. 
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D, 
ys 
Shep 
BS 5750 
Part 2 1987 
Level B: 


-_= Assurance 
AS12750 


Over 700 product packed pages with 
hundreds of brand new products. 
» from September 4th, only £2.95 


Maplin shops nationwide. Hundreds-of new 
products at super low prices! 


